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EXCHANGE OE SUBSTANCES IN AQUEOUS SOLUTION BETWEEN 
JOINTS AND THE VASCULAR SYSTE]\P » 

B\ FREDERIC \V RHINELANDER 2n GRANVILLE A BENNETT anh 
^Y\LTER BAUER 

(from the Dif^artmcitU of Pathology and Vedicnu Hanvrd Medical School the Medical 
Chine of the Massachusetts Ceneral Hospital and the Massachusetts Department 
of Public Health Boston) 

(Rcccncd for publication June 20 1938) 


In experiments prc\noiisl} desenbed (1) it 
sliowTi that matcnals of colloidal dimensions as 
the proteins of egg white and horse serum were 
rcmo\cd from joints onh In of the \vm 
pintles The rcmo\’al of such proteins wns has- 
tened b) passi\c cxerasc of the joint 

Tlie present senes of expennicnts w-as under- 
taken to examine the manner of rcmo\nl of mate 
nals of small moleailar dimensions present in 
homogeneous aqueous solutions from normal 
joints and from joints m certain induced patho 
logical conditions Tins senes is part of the 
stud^ to increase our knowledge of nonnal joint 
ph>siolog> and of the factors in\ol\cd in the 
production and maintenance of joint effusions 
Solutions containing a drug having a powerful 
effect on the blood pressure were selected I>ecausc 
the> offered a read) and continuous means of ob- 
serving their transference from joint cavity to 
blood stream Prehmmar) experiments had 
showTi mechoUl (acct\l beta nictlulchohnc clilo 
nde Merck) a potent and c\"ancscent ^'asodcprcs 
sor relati\cl} stable among chohne compounds 
to be tbe most suitable drug for the purposes of 
the experiment Therefofe mecholjl was used 
more extensn el\ than any other although adrena- 
lin, pitiutnn, and pilocarpine were also employed 
One senes of normal joints ^vas studied at rest 
and under pass^^ e exercise The investigation 
was then extended to joints in various abnonnal 
states 


^ This IS publication Number 25 of the Robert W 
Lovett Memorial for the stud> of crippling disease, Har- 
V'ard Medical School Boston, Massachusetts. 

The expenses of this investigation have been defrayed 
by grants from the Ccruncil on Pharmacy and Chemistry 
of the Amencan Medical Association, the Rockefeller 
Foundation, and the Commonwealth Fund. 

* Presented before the American Society for Qimcal 
Investigation at Atlantic City New Jersej May 1936 


PROCEDURE 

Knee joint* of cats were used in all experiments The 
cats were ancstlictizcd intrapentoneally witli nembutal, 
dial or with a combination of botli The most satis 
factory stcadj arculatorj state was obtained with dial ^ 
06 cc. per kgm., followed m 15 minutes by nembutal 20 
rngm- per kgm 

A cannula was placed in the common carotid artery 
for recording the blood pressure on a slowly movung 
smoked dnnn A second cannula beanng a short length 
of rubber tubing was fixed m the axillarj vein. In 
travenous injections were given by sjTinge, with the 
needle inserted into this tubing and were washed into 
the vein on each occasion b> 1 cc of isotonic saluie 
delivered b> pipette 

InjccUon of a d}e into the knee joints of recently 
killed cats liad shown that at least 1 cc of solution could 
be given without escape into the structures surrounding 
the joint Dunng expcnmcntal procedures mtra ar 
ticular injections were made in 0.25 cc of solution. 
Control expenments showed that mecholyl of varying 
strength used for such injection* did not lose it* potency 
under tJie conditions employed. 

Exerasc of a joint was earned out mechanically by 
flexion and extension at tbe rate of 60 times per minute. 

At llie end of each experiment, the amount of drug 
rcraaming m the joint was determmed in the following 
manner The jomt was aspirated by mean* of a needle 
and close fitting sjrmgc Tbe few drops of synoml fluid 
thus obtained were placed m a small wnde test tube. 
Tlic joint was then washed out with 1 cc of normal 
saline wuth the same synnge and without removing the 
needle from the joint, and the washings were added to 
the fluid first aspirated. This washmg-oirt process wa* 
repeated once. The fluid first aspirated and the jomt 
and test tube washings, mixed together, were then in 
jeeted intravenously into the animal and the effect on 
the blood pressure recorded. An attempt was then made 
to match, by means of a known intravenous dose of 
mccbolvl the traang which had thus been obtained, giv 
ing thereby an approximate estimate of the amount of 
drug which had been recovered from the joint Pre 
limmary expenments had indicated that by the above 


*A "solution of dial wuth urethane” supplied by the 
Ciba Company 
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lod of washing out joints, better than 90 per cent 
re\ioush injected mechohl could be reco\ered This 
deemed sufficientlj accurate for the purpose of these 
.riments 

ccuracs of assa\ of the washings was sacrificed to 
ditj of procedure, to assure that the cat remained 
s steadi a state as possible for the injection of both 
its Comparison was made of the choline-compound 
tent of each joint It was suffiaent to establish b\ 
ins of the washings that one joint contained definiteh 
*e or less residual choline-compound tlian the other, 
that both contained approximately the same In ana- 
ng the results of an experiment, the point of maximal 
ct on each blood pressure tracing was measured, and 
se were compared 

\o joint experiment was undertaken until repeated 
ra%enous injections of a standard dose of mechohl 
0005 mgm ) ga^ e constant effects, thus indicating that 
cat was in a steadj state This same standard in- 
lenous dose, or one of about the same magnitude, 
en at the end of the experiment, served to indicate 
lethcr or not tlie circulaton state had altered 
\ brief description of a tj'pical experiment W'lth the 
•.ults obtained is gnen below 


Cat Number 25 

After the usual preparation, a standard mtravenous 
dose of mechoh'l (0 0005 mgm ) W’as given 4 times, with 
an average blood pressure effect of 48 mm Hg The 
cat appeared to be in a steady state 

The right knee joint was injected with mecholyl 
0 0025 mgm , and kept at rest The resulting fall of 
blood pressure reached a maximum of 31 mm Hg one 
mmute three seconds after the mjection (Figure 1) 
WTien the drug had remained in the joint for 6 minutes, 
the jomt was washed out Immediate intravenous mjec- 
tion of the joint washings produced a 50 mm drop of 
blood pressure. 

The left knee joint was then injected with the same 
dose of mecholvl and exerased for 6 minutes The 
resulbng fall of blood pressure reached a maximum of 
45 mm Hg, 42 seconds after the mjection At the end 
of 6 mmutes, the joint was washed out The washings 
given at once intravenously caused a blood pressure drop 
of 40 mm Hg 

Assay of washmgs The initial effect of the standard 
intravenous dose of mecholyl had approximated the ef- 
fect of the washings from the resting jomt (48 and 50 


25 NORMAL JOINTS 

RESTING 



Fig 1 Cat 25 — Mecholyl (0 0025 mgm) Injected into Each Joint 

Left-hand tracings show greater blood pressure effect with exercise. Right-hand traemgs show less resi- 
dual mechohl in the washings from the exerased joint 

In al! fipurcs, the traangs represent arterial blood pressure The arrows indicate the time of mtra-articular 
or intraienous injection. The timer records 3-second intervals The number of minutes after injection is also 
indicated in some instances 

In Figures 1 2, and 3, the left-hand tracings show the result of the intra-articular injection of mechohl, the 
nght-hand traangs show the effect of the intrasenous injection of the respectne joint washmgs 
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mm. Hg, rapectlvdy), so no {orther assay was neces- 
sary in this case. In an attempt to approximate the 
effect of the tvashings from the exerdsed Joint, mecbolyl 
0 0004 mgm. was gtren intravenously, leading to a blood 
pressure drop of 42 mm. Hg (as against 40 mm. Hg for 
the washings) 

Rtsvlls There was a greater initial blood pressure ef- 
fect in the expenment with the exercised jomt, and the 
washings from this Joint contained less residual mecholyl, 
indicating that more had been absorbed. (Compare with 
Table I for manner of expressing these data in brief 
form ) 

REMOVAL OF MECHOLYL FROM NORMAL JOINTS 

The removal of mecholyl from joints, normal 
except for the injection of the drug in 0.25 cc. 
of distilled water, was studied in expenments on 
18 cats Doses varying from 0 0()025 to 001 
mgm were used 

That absorption from the joint cavity took 
place was shown eitlier directly by an effect on 
the blood pressure of the cat soon after the in- 
jection into the joint (with the larger doses), or 
indirectly by failure on waslung out the joint to 
recover the full amount of drug which had been 
injected (with the smaller doses) In Table 1 
will be found the results of the expenments on 
normal joints 

It will be seen from this table that the vana- 
bility of the effect obtained from the same dose, 
whether injected into a joint or a vein, bears no 
relabon to the weights of the cats The apparent 
differences in sensitivity to mecholyl of the vanous 
cats would thus appear to be one factor in the 
inconstant effects of the mtra articular injections, 
therefore no conclusions relative to small differ- 
ences m permeabihty of the synovial membrane in 
different expenments can be drawn from these 
data 

Analysis of the complete data obtained in this 
group of expenments bnngs out the following 
major pomts of sigmticance 

1 Mecholyl in aqueous solution was readily 
absorbed from all joints without significant ex- 
ception 

If the absorption of mecholyl resulted in a 
direct effect on the blood pressure, it alwrays did 
so within narrow time limits — approximately 
30 to 60 seconds after injection Absorption 
of the smallest doses (from IS of 34 joints) 
was insufficient to produce a defimte effect on 
the blood pressure. That this could occur, with 


mecholyl actually reaching the blood stream, was 
proved with Cat 17 The amount of mecliolyl 
whidi had been absorbed from one of the joints 
of this cat was deterrmned as accurately as pos- 
sible by a very close assay of the washings This 
amount of mecholyl was then run into the cat 
intravenously, by means of a constant dnp ap- 
paratus, at a rate calculated to cover the same 
period of time that the drug had remained inside 
the jomt At no time dunng the mfusion of 
mecholyl at this rate was any effect on the blood 
pressure obtained Increasing the rate, with this 
and other cats, led to a slow sequence of transitory 
effects on the blood pressure (typical of mecholyl 
effects) which occurred presumably as the con- 
centration of the drug m the blood repeatedly 
reached the liminal level That, with all cats, 
only a single and relatively large blood pressure 
effect was ever obtained after intra-articular m- 
jeebon suggests that the rate of absorption of 
mecholyl from normal joints declines from the 
inibal, rapid rate 

2 Excrase increased strikingly the rate of ab- 
sorption of mecholyl from a normal joint 

This was clearly demonstrated m 8 of the 9 
expenments set up to test the point — Clats 12, 14, 
15, 22, 25, 26, 27, 29 (See Figure 1 ) With 
Cats 15 and 22 this difference between the resbng 
and the exerased joint may not he at once ob- 
vious Although at the end of each expenment 
on the jomts of Cat IS equal amounts of drug 
had been absorbed, the drug had been longer in 
that joint which bad not been exerased Cat 22 
was shghtly more sensitive to mecholyl m the 
expenment with exerase, making the recorded 
effect of the washings greater than it should have 
been in companson with the washmgs from the 
imexerased joint 

3 The longer mecholyl remained in a joint, the 
more of it was absorbed 

This apphes only to jomts in the same status 
regarding rest or exerase ExeraSe was more 
potent than bme m promoting absorphon. How- 
ever, there were three expenments in which an 
unusually great absorpbon occurred for the short 
time that the drug remained m the jomts both 
joints of Cat 12, mjected with the very large 
dose of 0 01 mgm , and the single successfully 
injected jomt of Cat 18, where the usual 4 
of 0 0025 mgm was u- 
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^ashing When both joints were rested, any 
ossible difference between the normal and ab- 
ormal joints was too small to be detected 

In this group of expenments on washing out 
ynovial fluid, it would be expected that depletion 
if synovial fluid would inhibit egress of water 
rom the joint But this would not prevent the 
apid transference of foreign compounds (as of 
he drug mecholyl) from the joint cavity to the 
flood stream (See expenment with pilocarpine 
lelow, where an effusion ^vas being formed wlnle 
the drug was being absorbed ) Thus the chief 
abnormal factor affecting the absorption of me- 
cholyl in these expenments would appear to have 
been the mild irntation caused by the sahne used 
to wash out the sjntiovial fluid Consequently the 
results m this group of expenments must be in- 
terpreted in conjunction with tliose of the suc- 
ceeding group 

B Mild tnflammaiton produced by sahne injection 

Since previous studies with other animals had 
shown that injection of normal saline into joints 
produced a mild inflammation, ivith a definite nse 
of the synovial fluid cell count (2), this method 
was adopted in a senes of 9 cats One or both 
joints of these cats were injected with 1 cc of 
stenle saline, under light ether anesthesia, and 
the saline was left m the joint After 4 sucli 
injections, at intervals of 3 or 4 days, the usual 
mecholyl expenment was earned out on each joint, 
^^^th exercise or rest for 10 minutes 

The results m this senes, shown in Table IV, 
were essentially similar to those in the preceding 


series where the synovial fluid was simply washed 
out with sahne, except that the tendency for more 
mecholyl to be absorbed from the abnormal joint 
at rest was shghtly more pronounced (Figure 2) 

From the above two groups of expenments, on 
washing out the synovial fluid with sahne and on 
injecting sahne, the following may be added to 
the sigmficant observafaons on the removal of 
mecholyl from joints 

4 Mild acute inflammation led to shghtly in- 
creased absorption of mecholyl from joints, more 
definitely with exercise than with rest 

C Severe inflammation produced by aleuronat 
injection 

Having observed previously that the injection 
of aleuronat ® caused marked inflammation of the 
synovial membrane, with fibnnous and cellular 
exudation (2), this substance was employed m 
the final senes of abnormal joints The stenle 
aleuronat suspension was injected, under ether 
anesthesia, into one or both jomts of 10 cats on 
two occasions, one and two wedcs before the 
joints were used for expenments identical with 
those of the sahne-injection senes The stnking 
results are exhibited m Table V (See also Fig- 
ure 3 ) 

From these results tlie following observation 
IS justified 

5 Severe acute inflammation led to definitely 
increased absorption of an aqueous solution of 
mecholyl from both exercised and resting joints 

» A suspension of 5 per cent aleuronat and 3 per cent 
starch in 0 5 per cent saline. 


TABLE rv* 


One joint injected with saline, 
bol/i joints rested 

One joint injected with saline, 
both joints exeidscd 

Both joints injected with saline, 
one joint exerased 

Cat 

num- 

ber 

Greater blood | 
pressure effect , 

Greater 

absorption 

1 

Cat 1 
num- 1 
ber 

Greater blood ! 
pressure effect 

1 

Greater 

absorption 

Cat 
num ! 
ber ! 

Greater blood 
pressure effect 

Greater 

absorption 

Nor- 
1 mal 

1 joint 

Ab- 

normal 

joint 

Nor- 

mal 

joint 

Ab- 

normal 

joint 

Nor- 

mal 

1 Joint 

Ab- 

normal 

Joint 

Nor- 

mal 

joint 

Ab- 

normal 

joint 

Rested 

joint 

— 

Eierdsed 

Joint 

Rested 

joint 

Eierdsed 

Joint 

35 

45 

47 

1 ^ 

+4-4-+ 

++ 

+ + + 
ts 

+ + 

es 

46 

65 

66 

1 ^ 

1 

+ + + + 

+ 

1 

I 

i 

1 

+ + + + 
+ 
+ 

62 

63 

64 

+ + 

i 

+ + + + 

1 

! 

1 

+++ + 
+ + + + 
+-f-4-+ 


* Mecholyl 0 003 mm was minted into each knee joint of Mch cat m the two joints 

The magnitude of observed diference in blood pressure effect, or in absorption, uith resp 

of a cat, IS indicated by the number of +’s , . ^ .. 

**--^*» i-haf thf> were the same for the two joints 
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TREATED JOINTS 

EXERCISED 



Fig 2. Cat 64 — Mecholtx (0003 mcm) Injected into Each Joint 
One joint rested and one escrcued. Both had been injected with ealme 
13 10 6 and 3 days prenonsly Left liand traanfts show greater munediate 
blood pressure effect with exercise. Right hand tracings show less residnal 
meclioljl in washings from e.xerdsed joint 


CONTROL DATA 

The method of expenmtnt emplosed m these 
studies suggested the necessity of tlie following 
controls, m addition to those already ated 
The propnetv of using distilled rvater as a 
vehicle for introducing mecliol)! into joints was 


checked bv tests with two cats A 0 003 mgm 
dose of meclioljl dissolved in distilled -water was 
injected into one joint, and the same dose dis 
sohed in cat serum, into the other joint ^Vlien 
both joints were kept at rest, there was no blood 
pressure effect m either case Assay of tlie wash- 


TAELE V* 


Joints smrfly inflamed by injections mlti aleuronat 


Oru joint Irjected Trith iknronat 
hMA joints retted 

Oh* joint Injected with aleuronat 

bolh Mots cxeidsed 1 

BoiM Joints injected with aletmraat 

OH4 joint exerdsed 

CAt 

nnm 

ber 

Greater blood 
pretsnre effect 1 

Greater 

absorption 

1 

Cat 

nuin 

ber 


Greater 
absorption | 

1 Cat 
' nam 
bUr 

Greater Wood 
presture effect 

Greater 

absorption 

Nor 
msl 1 
joint ' 

Ab- 

normal 

joint 

Nor 

mal 

joint 

Ab- 

xKirmal 

joint 

Nor 1 

mal 1 
joint 

Ab- 

normal 

joint 

Nor 

mal 

joint 

Ab- 

normal 

joint 

Rested 

joint 

Exerdsed 

Joint 

Rested 

joint 

Elierdsed 

joint 

36 

44 

56 

61 

? 

0 ' 

+ +I 
? 

+ + + + 
O' 

= 1 

++++ 

++ 

+4'+ 

48 

49 

1 


+++ 
+ + 4--b 
+++ 


+ + + + 
+ 

+ + + + 

58 

59 

60 


++++ 

1 

++++ 

++++ 

++++ 


• Mecholyl 0 003 mgm was miected into each knee joint of each cat m each experiment. 

The magmtude of observed difference in blo^ pressure effect, or in absorption with respect to one of the two joints 
of a cat IS indicated by the number of + s 
The symbol « ’ indicates that the results -were the same for the two joints. 

The symbol 0 indicates that no effect occurred in this exjjenment 






















26 


PAtn. GOVAERTS AND PAtJL MULLER 


constant although the plasma le\el v.'as raised 
from 300 to 2400 mgm per cent “ It -would ap- 
pear that the glucose ‘ threshold ’ has its origin 
m the fact that the tubules can reabsorb glucose 
up to some constant, maximal quantity per unit 
time, if presented m excess of this quantitj% the 
remainder is allow ed to escape in the unne ” (H 
Smith ) 

These observations give a very sinking defim- 
tion of the mechamsm of glucosuna caused by 
intravenous infusions of glucose m the normal 
dog The purpose of the present work is to 
determine whether the mechamsm of glucose ex- 
cretion m diabebc dogs is idenbcal with that which 
has been found in the normal animal 

We have studied three dogs in which a diabetic 
condition had been induced by total pancreatec- 
tomy The bladder w’as permanently fistulated 
b> an ebonite cannula These ammals were kept 
in good condition for several months by daily 
injections of insulin The total quantity of fil- 
|tered glucose per minute may be computed by 
multipljnng the creatimne clearance (filtration) 
by the concentration of glucose in the artenal 
plasma The difference between this quantity 
and the amount of glucose excreted per minute 
gives the total amount of glucose reabsorbed by 
the tubules Thus one may calculate the amount 
of glucose reabsorbed by the tubules from each 
cubic centimeter of glomerular filtrate, that is, 
from each cubic centimeter of a solution of glu- 
cose having the same concentration as the artenal 
plasma We call this figure the “ tlireshold,” as, 
when expressed in grams per cent, it indicates 
which portion of the plasma glucose is not ex- 
creted under the conditions of the expenment 

METHODS 

The experiments were performed without anesthesia, 
as the> did not include anj pamful procedure. Two to 3 
grams of creatimne dissolved in 200 cc. of tepid water 
were administered bv stomach tube. Half an hour later, 
500 cc. of water were Risen in the same wav ^\Tlen a 
marked diuresis was present, the nrme was collected dur- 
ing a 2 to S-mmute penod and at the same time a blood 
sample was drawn bv femoral puncture. Glucose and 
creatimne v ere detenrmed m the unne and in the artenal 
p'astna. 

The c-xpermerts on Dog I were all earned out when 
the a"imal had been fasting overnight, the purpose of 
this p-ocedure being to keep the plasma glucose as con- 
sort as po'^Ti’e dunng the experiments The blood 


glucose of Dogs II and III was raised m most of the 
expenments bj intravenous infusions of glucosc-sahne 
or by mtroduang a glucose solution into the stomach 
Blood The blood was drawn b\ femoral puncture, 
collected in a tube containing some sodium fluoride and 
immediately centnfuged A 1/10 dilution was made by 
adding to 2 cc. of plasma 16 cc. of distilled water, 1 cc. 
of 2/3 ^ sulfunc acid and 1 cc of 10 per cent sodium 
tungstate soluUon, and filtering 
Unite The method of West, Scharles, and Peterson 
(9) was used for the urinalyses, in order to avoid any 
decrease in reducing power To 2 cc. of unne, 2 cc. of a 
10 per cent solution of feme sulfate were added, fol- 
lowed by 16 cc. of water Two to 3 grams of powdered 
barium carbonate were then added to the solution The 
mixture was thoroughly shaken and filtered To the fil- 
trate, a few milligrams of anhydrous sodium sulfate were 
added in order to precipitate the small amount of banum 
bicarbonate present The preapitate was removed by 
centnfugation. This procedure yields urine dilutions ab- 
solutely colorless and wnthout any turbidity 
Glucose For Dog I, the colorimetric method of Bene- 
dict (10) was emplo>ed Two cc. of tungstic filtrate of 
plasma and 2 cc. of diluted unne were used for the de- 
terminations The urme, handled as described above, was 
diluted to such an extent that its final glucose concentra- 
tion -was nearly the same as that of the plasma filtrate. 
It was then possible to make the colorimetric readmgs 
for both filtrates against the color developed by the same 
glucose standard 

For Dogs II and III, the glucose analyses were made 
following the method of Shaffer and Somogyi (11) We 
allowed 2 cc. of filtrates of blood and unne to react -wuth 
2 cc. of copper solution number 50, containing 3 grams 
of KI per liter The agreement between duplicates was 
very satisfactory 

Crcaliitiiic Creatmme was determmed by the method 
of Folin and Wu (12) The analyses were performed 
upon tungstic filtrates of plasma and upon urme dilu- 
tions adjusted to allow colonmetnc readings against the 
standard used for the blood filtrate A Burker com- 
pensating colorimeter was used, supplied with a mono- 
chromatic filter The readmgs were made with a stratum 
thickness of 20 mm and the 353 light filter For the 
wavelengths transmitted by that light filter, the results 
conform with the Beer Lambert Law 

RESULTS 

DOG I Female, 12 kgm 
Pancreatectomy Dec 30, 1937 Vesical fistula 
Jan 19, 1938 

Ten expenments were done dunng a penod of 
two months The hyperglycemia being spon- 
taneous, the range of plasma glucose extended 
only from 268 mgm per cent to 367 mgm per 
cent 
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The results concerning this dog may be found 
m Table I and Tigure 1 

TABLE 1 


Data on Do£ I 



Fia 1 Data on Doo I 

Each column corresponds to a single capcnxncnt Total 
height of tlie columns arterial plasma glucose (rogm. 
per cent) Black amount of glucose reabsorbed from 
each cc- of glomerular filtrate (mgm. per cent) 

In these expenments, while the plasma glucose 
varied from 268 to 367 mgm per cent, the quan- 
tity of glucose which was reabsorbed from I cc, 
of glomerular filtrate vaned from 236 to 299 
mgitL per cent This indicates that m this range 
of moderate hyperglycemia, the amount of glu- 


cose reabsorbed by the tubules increases when 
the blood sugar level rises 

DOG u Female, 14 kgra 
Pancreatectomy and vesical fistula Sept 14, 
1937 

Eight expenments were performed on this ani- 
mal during a penod of six weeks The results 
may be found m Table 11 and Figure 2 


TABLE n 
Data an Dot II 


E*t>« 

Imffit 

Urine 

FUt' 

nu 

fin 

ct5*e 

rUfiTu 

av« 

Ujxlne 

Gin 

con 

ex 

creted 

Crt* 

tinloe 

« 

crettd 

Cm 

tlfiloe 

dear 

ance 

6iltra 

tlon) 

Qu 

CD«e 

ex 

ctetrf 

from 

1 cc 
of fil- 
trate 

Gin 

CDK 

reab- 

aoebed 

from 

I cc 
of fll- 
Uate 



mtm 

pn 

n/m 

mtn 

m^iOt 

WfM 

« Pit 

mtn 

mpu 

ttf 

mpn 


MU 

ttnl 

tni 

uJt 

emt 

uni 

I 

2 94 

286 

5 75 

110 

5.99 

69.S 

16 

270 

11 

40i 

372 

794 

34J 

5512 

75 4 

47 

325 

III 

5 67 

467 

10 48 

96 0 

8 17 

78 0 

123 

344 

IV 

330 

482 

8 82 

91S 

6 46 

75 2 

125 

357 

V 

3 23 

514 

9 70 

75 0 

5 91 

610 

125 

391 

VI 

460 

557 

11 70 

103 0 

7 16 

61 2 

168 

389 

VII 

5JS8 

570 

6.54 

138 0 

4 86 

74 4 

185 

585 

VIll 

S9l 

610 

13518 

135 0 

8 65 

61.8 

218 

392 


Here, the blood sugar vaned from 286 to 610 
mgm per cent The amount of glucose which 
the tubules reabsorbed from one cc, of glomerular 
filtrate at first ntes wth increasing glycenua, 
but when the blood sugar exceeds 500 mgm per 
cent the threshold remams practically constant 
(between 385 and 392 mgm per cent) 

DOG lu Female, 13 kgm 
Pancreatectomy and vesical fistula. Feb 22 
1938 

Twenty hvo expenments were performed dur- 
ing a penod of four months The blood sugar 
concentration was 325 to 950 mgm per cent. In 
Expenments 1 to 4, the animals were fasting 
In the other expenments the blood sugar was 
raised by an intravenous infusion of 100 to 200 
cc. of 20 per cent glucose in sahne. The collec- 
tion of blood and unne was done from 2 to 5 
minutes after the end of the infusion 

The results of these expenments may be found 
in Table III and Figure 3 
The range of blood sugar extends from 325 
mgm to 957 mgm per cent The amount of 
glucose reabsorbed from 1 cc. of glomerular fil- 
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Fig Z Data o\ Doc II 

Each column corresponds to a single experiment Total 
height oi the columns arterial plasma glucose (mgm 
per cent) Black amount of glucose reabsorbed from 
each cc, of glomerular filtrate (mgm. per cent) 

trate fluctuates bett%een 287 and 394 mgm per 
cent, OTtli a mean amlue of 347 mgm per cent 

COMMENT 

We maj outline the results of our expenments 
in the folJomng n-ay "V^Tien the concentration of 
glucose increases m the plasma, it nses to the same 
extent in the glomerular filtrate At a certain 
moment, the reabsorptiae potser of the tubular 
cells cannot keep pace mth the amount of glucose 
which is presented, and some of the glucose es- 
caj>cs into the unne If the quantitj presented 



TABLE m 
Data on Dog III 


Exper- 

iment 

Urine 

Plas- 

ma 

gla 

cose 

Plasma 

crea- 

Unlac 

Glu- 

cose 

ex- 

creted 

Crea 

tinine 

ex- 

creted 

Crea- 

tinine 

clear- 

ance 

(mtra 

Uon) 

Gin 

cose 

ex- 

creted 

from 

1 cc 
of fil- 
trate 

Glu- 

cose 

reab- 

sorbed 

from 

1 cc 
otfil 
trate 


cc per 

mgm 

msm 

mpn 

rngm 

CC per 

msm 

mm 


tnin- 

per 

i>er 

per 

per 

min 

per 

per 


ute 

cent 

cent 

minute 

minute 

ulc 

cent 

cent 

1 

4 30 

325 

4 94 

29 4 

4 59 

93 0 

32 

293 

11 

0 4S 

349 

17 80 

13 9 

13 23 

74 3 

19 

330 

III 

3 25 

352 

5 33 

33 8 

4 85 

91 0 

37 

315 

IV 

4 72 

360 

6.34 

340 

5 07 

80 0 

42 

318 

V 

0 45 

415 

18 90 

36 4 

7 69 

40 7 

89 

326 

VI 

2 93 

421 

15 20 

63 0 

13 77 

90 4 

70 

351 

VII 

2 73 

458 

11 50 

87 0 

9 94 

86 4 

101 

357 

VIII 

1 72 

469 

19 65 

100 5 

13 36 

67 0 

150 

319 

IX 

2 SO 

521 

22 10 

133 0 

13 32 

60 4 

220 

301 

X 

5 67 

524 

23 00 

134 0 

13 00 

56.5 

237 

287 

XI 

3 00 

534 

21 20 

1610 

15 94 

75 2 

214 

320 

XII 

5 50 

535 

22 00 

183 0 

18 S3 

842 

217 

318 

xni 

2 75 

537 

6 13 

128 0 

5 23 

85 4 

150 

387 

XIV 

2 20 

SSI 

13 20 

140 0 

8 93 

67 6 

207 

344 

XV 

2 30 

573 

15 00 

132 0 

8 76 

58 4 

226 

347 

XVI 

5 45 

595 

20 00 

163 0 

15 00 

75 0 

217 

378 

XVII 

4 37 

597 

7 74 

187 5 

6 12 

79 0 

237 

360 

XVIII 

5 20 

603 

8 12 

167 8 

6 46 

79 5 

211 

392 

XIX 

2 78 

627 

16 00 

167 5 

11 52 

72 0 

233 

394 

XX 

5 35 

778 

7 12 

333 0 

5 25 

73 6 

452 

326 

XXI 

5 85 

828 

8 45 

360 0 

5 85 

69 2 

520 

308 

XXII 

7 40 

957 

9 72 

410 0 

6 49 

65 8 

623 

334 


increases further, the reabsorphon increases also, 
but nevertheless it is more and more overburd- 
ened If the plasma glucose continues nsing, the 
reabsorptive capaaty of the tubular cells becomes 
completely saturated, and the quantity of re- 
absorbed glucose remains pracbcally constant at 
this maximal value for any further increase of 
glycemia It is very tempting to compare the 
renal function under those arcumstances with that 
of the phlonzinized dog In the latter, the re- 
absorption of glucose is completely blocked by 
phlonzin and consequently the total amount of 
filtered glucose is found in the bladder unne In 
the diabetic dog, a constant part of the filtered 
glucose saturates the reabsorptive power of the 
tubular cells and the remainder is completely ex- 
creted as It should be m a phlonzinized dog The 
blocking of reabsorption which in the phlonzin- 
ized dog is produced by a drug is caused in the 
diabebc ammal by the glucose itself 
These conclusions are based on the mean values 
of our results \\Tien companng single expen- 
ments, one finds that the " threshold ” fluctuates 
appreaably The meamng of these fluctuabons 
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IS difficult to interpret for the moment They 
may be owing in great part to the unavoidable 
and cumulative errors m collecting unne and 
blood, and in the chemical determinations Fur- 
thermore, It IS very hkely that the reabsorptive 
pouer of the tubular cells may be influenced by 
se\ eral factors, for instance vanations in the num- 
ber of functionating glomeruh or modifications 
in the volume of fluid filtered by single glomeruh, 
changing the rate of flow through the tubules 
Other factors may be of importance, such as 
hormonal influences, but they are still to be deter- 
mined 

Our observations prove that the mechanism of 
glucose elimination in diabetic dogs is the same 
as that found by Fisher and Shannon in normal 
dogs when a high level of glycemia was main- 
tained by a continuous injection of glucose-sabne 
It IS w orth notiang that the renal threshold in our 
diabetic dogs did not undergo any appreaable 
change dunng a penod of observation which 
lasted several months Moreover, the threshold, 
defined by the maximal quantity of glucose re- 
absorbed by the tubular cells from 1 cc of glom- 
erular filtrate is not the same for each dog, as it 
IS about 390 mgm per cent for Dog II and 347 
mgm per cent for Dog III 

The threshold is vanable in the range of mod- 
erate hyperglycemia, it nses when the blood sugar 
increases When the level of hyperglycemia is 
high, the threshold stays at a maximal value which 
IS not the same m different individuals These 
facts explain why the renal threshold presents 
itself both as a permanent individual character 
and as a rather elusive value, varying appreaably 
when the level of blood sugar is only moderately 
raised '' 

SUMMARY 

1 In dogs made diabetic by pancreatectomy, 
the excretion of glucose and creatimne has been 
studied 

2 Considering the creatinine clearance as a 
measure of the glomerular filtration and the glu- 
cose concentration of the artenal plasma as equal 
to tlie concentration of this substance in the glo- 
merular filtrate, one ma> calculate the quantity 
of glucose which the tubular cells reabsorb from 
1 cc. of glomerular filtrate This figure is called 


the “ threshold ” WTien the blood sugar concen- 
tration increases moderately, this tlireshold in- 
creases With further elevabon of the blood 
sugar, the threshold soon reaches a maximal value 
which remains constant for any higher level of 
glycemia, 

3 In the diabetic dog, at high levels of hjqier- 
glycemia, a constant part of the filtered glucose 
saturates the reabsorptive power of the tubular 
cells and the remainder is completely excreted as 
in a phlonzinized dog 

4 These charactenstics of the renal function 
did not change appreaably in the diabetic dogs 
during a penod of observation which lasted sev- 
eral months 
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Previous obscnTitions (2) indicate that there 
13 a positnc pressure m the tissue spaces It is 
ob\dous that an> pressure manipulations of the 
tissues must take into consideration this extra- 
\'ascular, or tissue, pressure Tissue pressure is 
exerted upon all the contained structures includ- 
ing the blood ^ esscls and opposes tlie intra\'ascular 
pressure In the arterial tree, where the mtia 
vascular pressures arc high, this is relatively in 
significant Ho\\c\cr, in the venous vessels, 
where the intravascular pressure approaclies the 
tissue pressure, particularl> above heart level, this 
cfifcct becomes increasingly important The pres- 
ent study IS concerned with an cviduation of the 
intcrplaj of these pressures and their influence 
upon the determination of venous pressure by 
indirect methods 

METHOnS akd materials 

The Indirect ntcasuremenU of venous pressure were 
made according to the method of Hooker (1) Definite 
collapse of the vessel was used as the etKi point Col 
lapse was never carried beyond the level of the adjacent 
sldn. Tissue pressure dctenntnaUoni were made by the 
technic previously described (2) The direct deternnna 
tlons of venous pressure were made with the apparatus 
employed In the tissue pressure measurements How 
ever the technic was modified as follow’s A 2 per cent 
fodmra mlrate solution was used instead of normal so 
diura chloride. The solution was dravi’u about half way 
up the adapter to compensate for capillarity as m tissue 
pressure dctcnnlnationi and the pressure within the 
system brought to atmospheric. Upon insertion of the 
needle into the vein the meniscus In the adapter slowly 
began to rise. The pressure in the system was gradually 
mcrcased until the movement of the meniscus ceased and 
there was no movement into or out of the vein. This 
was taken as the venous pressure. 

Studies were made on ten normal subjects Only sub- 
jects with prorament veins m the dorsum of the hand 
were chosen so as to facilitate the reading of the end 
point in the indirect venous pressure method. Subject 
rested m the sitting position with the hand at heart level 

fourth intercostal space. Indirect and direct venous pres 


surcs were determined for the same portion of the same 
vein on the dorsum of the hand. The subetrtaneoas tis 
sue pressure was then measured m the tissues unmedi 
atcly lurrouDding the same portion of the vein. 

Detenmnations were nude m the order given. The 
observer who read the end points ^vas ignorant of the 
water manometer readings, which were recorded by an 
other mdividuaL In this way lubjcctirt influences were 
diminalcd Three readings were made in each instance. 

RESULTS 

The results arc given m Table I Invariably, 
the indirect detennmations were lower than the 

TABLE I 


Venous pressure and hssue pressure values tn etn ef teakr 
ai heart level tn ten normal subjects 
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corresponding direct determinations The aver- 
age indirect value was 8,4 cm of water and the 
overage direct value was 11.2 cm of water The 
average determination of tissue pressure was 25 
cm of water Individual determinations may be 
seen in Table I It is also evident in Table I that 
the addition of the indirect venous pressure and 
tissue pressure closely approximates the direct 
venous pressure the mean difference bang only 
0 1 cm of water 
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increasingly important as the venous pressure 
decreases 
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The cfTicicy of sodium salts in the treatment 
of adrenal cortical insulTiacncy in man and ex- 
perimental animals has been rccognitcd, and the 
cliangcs in the distnbution and excretion of svater 
and electrolytes follovnng their tlierapeutic use 
have been investigated (1, 2, 3, 4) This present 
study IS concerned vvnth the effect of variations 
in the total water consumption of a patient with 
Addison 5 disease receiving a relatively constant 
high intake of sodium chloride. 

Observations in the literature concerning ad 
renal Insuffiacncy suggest that the clianges in the 
distribution of bod) water are secondary to changes 
m the distribution of sodium and potassium 
The forced mgestion of water by mouth is ap- 
parently ineffective per sc in preventing the de- 
velopment of hemoconcentration observed in in- 
suffiacncy If suffiaent water be given an adren- 
alectomizcd dog recavnng no cortical extract and 
on low intake of salt, a fairly constant fluid bal- 
ance may be obtained and yet hemoconcentration 
may develop (S) 

Hemoconcentration and dch)dration arc com 
monly observed in severe crisis The hemocon 
centrahon is recognized b) the increased concen 
tration of hemoglobin, the increased percentage 
of erythrocytes, and the small proportion of 
serum yielded from blood Studies in expen 
mental insuffiaeniy indicate that the blood vol- 
ume is diminished (6) and tliat the amount of 
mtersbtial fluid may be reduced as well (7) The 
diuresis that frequently occurs with the onset of 
a cnsis IS apparently inadequate to account for 
the dimmution m scrum volume (8) Harrop 
suggests that the most important factor responsi 
ble for the observed hemoconcentration Is a 
” movement of extracellular fluid into the tissue 
cells" (7) 

'Aided by a grant from the Fsailty Raearch Cora 
raittee, Univeraity of PcnmylvanU, Philadelphia, Penn 
•ylvania. 


Upon withdrawal of cortln from adrenalecto- 
mized dogs maintained on a sodium and cblonde 
free diet. Swingle, Parians, Taylor, and Hays (9) 
observed that hemoconcentration and arculatory 
collapse occurred without the loss of sodium, 
chlondc, or water by way of the unne. Further- 
more, the injection of massive doses of cortin 
alone brought about a dilution of the blood and 
a relief of symptoms Although not entirely 
apparent from thar data they concluded tliat the 
injection of cortical extract mobibzed the accu 
mulabon of intracellular fluid and electrolytes, 
and shifted them from the mtracellular to the 
extracellular and vascular compartments 
In an effort to obtain further information upon 
the problems of hemoconcentration and the in 
temal shift of water in adrenal msuffiaency, this 
study of water and electrolyte metabolism in Ad 
dison s disease was undertaken 

piocmiuRE 

A patient with typical Addison i disease who bid re 
mained reasonably well-eontrollcd on a normal diet with 
added salt for several months (see protocol) was selected 
for these observaUons The experimental procedure con 
sisted of a continuation of this dietary regimen, but with 
variations m the mtake of water to produce periods of 
oliguria and polyuria. 

One of us (D M W ) was used as a control subject for 
these observidons under identical conditions of diet and 
intake of salt and water as were imposed upon the 
patient, but without the same Hnutations of activity 
A special metabolic ward and nursing staff were 
utilized to facilitate this investigation. Two standard 
diets were hashed and analyzed for their content of 
chloride and water Duplicates of these two rations 
were served on alternate days throughout the study 
The total intake of water was calculated as the sum 
of the intrinsic water of the diet, beverage water and 
water of omdaUon of the food constituents. Intrmsic 
water was determined by the difference between the wet 
and dry weights of the two complete sample diets The 
water of oxidation was computed as 1 07 grams per 
gram fat, 0.SS5 gram per gram carbohydrate, and 0,413 
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On the tenth expenmental day a relatively large 
\olume of unne was excreted The concentra- 
tions of sodium and chlonde remained elevated 
in spite of this increased volume and the total 
amounts of sodium and chlonde excreted attained 
the range obsened dunng the days of the pre- 
\nous control penod Hence, dunng the dehy- 
dration penod sodium and chlonde were appar- 
ently retained by the body awaiting only adequate 
diuresis for its excretion 

The loss of four and a half pounds of body 
weight dunng this seven-day penod attests the 
ngidity of fluid restnction As would be ex- 
pected in one whose liquids had been so stnngently 
reduced, the patient soon became exceedingly 
thirsty Mouth, lips, and throat were very dry 
and uncomfortable Cheeks and eyes became 
sunken, pigmentation wras more pronounced, and 
it became difficult for her to eat all of the daily 
ration because of dryness Although anorexia 
and weakness increased, it was not until the last 
two days of dehydration that they became sen- 
ously aggravated Dunng these final days the 
patient was too weak to get out of bed, and lay 
quietly all day, moistening her lips with ice 
Tissue turgor was markedly diminished, but no 
change in blood pressure Avas noted In spite of 
the ngors of this regimen, the patient professed 
wnllmgness to continue and was conscientious m 
expectorating all of the melted ice but ^vas unable 
to take her full quota of salt dunng the final 
tw enty-four-hour penod 

Dehydration in the control subject 

The effects of dehydration in the control sub- 
ject are interpolated at this point for companson 
w^th the results obtained from the observations 
on the patient, and the data are showm in Table 
11 and Figure 2B Under identical conditions 
(excepting that activity w'as not restneted) the 
\olumes of unne in the control subject dimimshed 
to levels comparable wnth those of the patient, 
and in the course of six days, there w as a loss of 
fi\e pounds in body weight As dehydration 
de\ eloped, the concentration of sodium and of 
chlonde in the unne gradually increased until on 
the final day it was about 60 per cent above the 
maximum concentration exhibited in the unne of 
the patient, and the continmng nse in the con- 


centration curve (Figure 2B) suggests that the 
hmits of the concentrating power might not have 
been reached No retention of sodium or chlo- 
nde occurred dunng this phase of water depnva- 
tion 

Post-dchydration penod in patient with Addison’s 
disease 

Upon the removal of fluid restnction our pa- 
tient consumed three hters of wrater within eight 
hours, and a rapid improvement in general con- 
dition was noted, the extreme anorexia disap- 
peared and moderate physical activity was quickly 
resumed The concentration of hemoglobin 
dropped 2 8 grams per 100 cc in twenty-four 
hours, suggesting rapid dilution of the blood It 
required several days, however, for the body 
weight, deepened pigmentation, and diminished 
tissue turgor to return to their usual state The 
great increase of ingested water the first day 
following dehydration was not reflected by ap- 
preciable diuresis and concentrations of sodium 
and chlonde in the unne on this day reached 
maximum levels (Table I) On subsequent days 
the volume of unne increased, and rapid fall m 
concentrations of sodium and chlonde was noted 
This occurred in spite of the previous retention 
of sodium and chlonde No diarrhea was present 
which might have earned off the retained salt 

Effects of a high fluid intake on patient with 
Addison’s disease {Water forced) 

The next step m the invesbgation consisted of 
an attempt to cause an acceleration of the loss of 
sodium and chlonde from the body through the 
unne by means of a diuresis induced by a high 
intake of fluid Over an eight-day penod, in- 
gested water approximated 4,500 cc per day 
resulting in the excretion of large volumes of 
unne The concentration of sodium and chlonde 
m the unne decreased, but the average daily out- 
put of these ions was greater than for any penod 
excepting the prehminary control penod 

The total daily unnary excretion of sodium and 
chlonde m the control subject follow'ing diuresis 
by the ingestion of water was essentially the same 
as obtained dunng the penod of dehydration 
Apparently, wnthin the scope of this expenment, 
the normal kidney easily excretes relatively large 
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amounts of salt whether fluids arc restricted or 
forced 

rtiial control period 

The patient was followed for an additional six 
days during which time fluids were ingested as 
desired No unusual change in the excretion of 
sodium and clilonde occurred dunng this penod 
of obseiwation. 

Chloride and sodium balances according to periods 

A summation of the uncorrected chloride bal- 
ances (Table IIIA) shows agreement in the third 
and fifth penods (control) but relative to these, 
a retention in the first period From this it is 
inferred tliat at the start of these observations 
the patient might not have been quite m balance 
and that a consideration of the data according to 
periods might better begin wnth the second (de- 


hydration) penod This has been undertaken in 
Tables IIIB and IIIC In Table IIIA it will be 
observed that the ratio of sodium to dilonde 
excretion m the urine is fairly constant throughout 
all of the penods of study 
In Table IIIB are presented our calculations 
of the corrected daily ehlonde balance for the last 
four penods For the purpose of these ealcula- 
tions it IS assumed that a complete chloride bal- 
ance was achieved at the end of the fifth penod 
and that throughout the total penod of expen- 
mentation there was a constant daily loss of chlo- 
nde amounting to 448 irteq from other chan- 
nels than unne * In Table IIIC are presented 
our evaluations of the sodium output assuming 
that its mtake is proportional to the chloride in- 
take and that there occurred a constant loss of 
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62 1 m eq of sodium per day from other channels 
than unne ^ 

Allownng for uncertainties m these assump- 
tions the picture %\ould seem to be fairly clear — 
there ^\•as retention of both sodium and chlonde 
during the dehydration penod and a washing out 
of these ions m the forced water penod 

Scrum analyses 

The results of the analyses of the serum taken 
during vanous phases of this expenmental pro- 
cedure are given in Table IV It wll be seen 
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that the concentration of sodium m the serum 
was lo%\ in the preliminary control penod, forced 
\\'ater, and final control penods In these same 
periods tlie clilonde concentrations were within 
the normal range. Dunng the penod of dehydra- 
tion both the sodium and chlonde concentrations 
m the serum were increased to the upper normal 
range for these components or even higher for 
sodium 

Studies of serum volume m this patient were 
of particular interest Dunng the penod of de- 
hydration tlie serum volume for this patient was 
32 8 ml per kgm of body weight, w'hich is the 
lowest I'alue for serum volume obtained in this 
laboratory^ kloreover, the serum at tins time 
welded ewdence of an increased concentration of 
the serum proteins since the specific gravity was 
1 0295 at 20°/20° The ^olumes of serum per 
kilogram of body weight measured dunng the 
final control penod and dunng the phase of forced 
fluid intake w ere 38 0 and 37 9 ml respectively 

*5765 itucq — 4151 rn.eq 

( = 62.1 ULcq per day) 

26 days 


These values are still considerably below our 
range of values for normal individuals (45 to 
55 ml ) 

The control subject differed from the patient 
wnth Addison’s disease in tliat vanations of fluid 
intake had no effect upon the concentration of 
the electrolytes m the blood serum Likewise, the 
serum volume in the control subject %vas essen- 
tially the same dunng dehydration and hydration 

DISCUSSION 

Impairment of renal function in our patient is 
suggested by the retention of sodium and chlo- 
nde dunng the penod of oliguna, in contrast to 
the lack of such retention in the normal indi- 
vidual studied under the same conditions In ad- 
dition, the patient had a diminished urea clearance 
varying from 23 to 33 per cent of average normal 
function It would appear noteworthy that a 
similar diminution occurs in adrenalectomized 
dogs following withdrawal of extract (14) We 
believe these changes must be the result of the 
failure of the adrenals alone, since the presence 
of coincidental renal disease ivas excluded by the 
absence of antecedent history, and the failure to 
find casts, albumin, etc, m any of the numerous 
speamens of unne exaimned 

SUMMARY 

Studies are reported of the effects of ivater 
restnebon and of the forced water ingestion, re- 
spectively, m a patient suffenng with chronic ad- 
renal cortical insufficiency who, throughout the 
period of observation, had received a high daily 
intake of sodium chlonde For several months 
previous to our studies the patient’s condition had 
been adequately controlled by a similar high daily 
intake of sodium chlonde and by the ingestion 
of fluids as desired 

Dunng the penod m which water was restneted 
our studies indicated a diminished ability of the 
patient to concentrate sodium and chlonde in the 
unne, and a significant retention of these ions 
by the individual Dunng this same penod there 
was a marked elevation in the concentrations of 
sodium and chlonde in the blood serum but, since 
the increase m concentration of these components 
w'as assoaated with a shnnkage of the serum 
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volume^ the total quantities of sodium and chlo- 
ndc m the circulating scrum were actually re 
duced 

A normal mdmdual studied under similar con 
ditions excreted sodium and chloride m concen- 
trations approximate!) 60 per cent greater than 
the patient and no retention of these ions oc- 
curred In the normal mdi\ndual, measurements 
of scrum volume ^\c^c essentially the same during 
the periods of fluid restriction and forced fluid 
ingest lom 

Under the conditions of these observations the 
simple restriction of \\atcr resulted in the develop- 
ment of symptoms of sc^a^rc adrenal insuffiacncy 
Resumption of a normal intake of u'ater resulted 
m a return of the patient to her normal state of 
health 

The forced ingestion of u*atcr in this patient 
had no appreaable influence upon the scrum vol 
ume or the concentrations of sodium and chlo- 
ride m the scrum 

rROTOCOL 

N P (Host^lat Number 3S~1P$S9) a S4-year-old 
Itallaa-bora 'fthitc woman the sole support of her family 
had ^\orked at a loom in a T*oolen oUU for the previous 
twenty years. At the ape of thirty two she suffered from 
pleurhy and an abdommal cnlargcrocnt relieved by para 
centwis Progressive weakness anorexia, and plgTOcnta 
tioo were first noted in the fall of 19M and she was ad 
vised to take lodnmi chloride. The symptoms Increased, 
however, and a year later, because of extreme weakness 
occasional vomiting marked pigmentation and a loss of 
46 per cent of body weight, the patient >va5 admitted to 
the Umversity Hospital, 

Upon examination she appeared thm tired, and weak, 
with dry ineltitic skin hanging loosely in folds A djf 
fuse, muddy brown plgmcnUUcn was present, with ac 
centintion upon the lips neck, distal portions of the 
extrcmliicj, and several scars It was also present at 
the lingual borders and upon the buccal mucosa at points 
of contact with the teeth. Blood pressure was 108 
tnraJIg systolic and 78 diastolic The right half of the 
thoracK cage was flattened, and expanded poorly with 
respiration. Resonance in this area was Impaired and 
the transmission of voice and breath sound was poor 
There was also a right ovarian cyst 

Laboratory data on admission were Erythrocytes 
4400000, hemoglobin 13J grams per 100 mL, leukocytes 
8 100 with a normal differential dlstribuuon. The eel! 
volume was 49 per cent with a cell volume index of i-23 
Urine analysis revealed no abnonnaJltics The concen 
triUon of the urea nitrogen of the blood was 18 mgm, per 


100 mL In the serum the concentration of chlorides was 
98 J ra,cq per liter total base, 135,9 nteq per liter, and 
cholesterol 177 mgm. per 100 ml 

The patient v.'as placed on a high intake of sodium 
chloride, and for six weeks showed a gradual improve 
ment Dimng this period, the systolic blood pressure 
ranged between 110 and 92 mm,Hg and the diastolic 
ranged bctu.'cen 72 and 64 Abdominal pam In upper left 
quadrant was occasionally present, and three bloody mu 
oui streaked stools were noted shortly before her dii 
charge from the hospital 

Blood counts during the period of hospitaliraticm re- 
mained practically unchanged and urine analyses were 
essentially norma! although the range of speafic gravi 
ties was low (1 005 to 1 012) Serological reactions were 
negative, and a normal glucose tolerance curve was ob- 
tained, Roentgenograms disclosed a thickening of the 
entire pleura on the right side, with calaficaticm at the 
base, and rmilLlpte areas of calcification in the upper ab- 
domen, which were not limited to adrenal areas 

The patient was readmitted in July 1935 because of an 
atneerbauem of symptoms Weakness had increased, 
vomiting frequently occurred and abdominal pain in 
upper left quadrant was again distressing In addition, 
there had developed multiple jomt symptoms consisting 
of stiffness and a dull aching pain, aggravated by motloa. 
The erythrocytes were now 5 400 000 and the hwnoglobln 
was 15,9 grams per 100 ml The urea nitrogen of the 
blood was 16 cogm. per 100 ml„ and in the scrum the 
chlorides were 99,8 meq per liter CO^ 44 volumes per 
cent and cholesterol, 273 mgm. per 100 mk Although 
the systolic blood pressure was 112 mmJSg the evi 
dcDCCs of bcmocoocentratlon the episodes of vo mi tm g 
and the general appearance of the patient gave the fan 
prcsslon that she was in a state of mild crisis. 

Therapy consisting of 18 grams of NaQ and ZS cc. 
of anterior pituitary ex tract dally was begun, and in five 
days there was considerable improvement Vonntlng sub- 
sided, anorexia diminished and the patient became ambu 
Jatory Gmcurrcntly the crythrocytefl fell to 4 400000 
the hemoglobin to 137 grams per 100 mL the urea nitro- 
gen to 9 mgm. per 100 ml In the terum, the chlorides 
rose to 1052 m.cq per liter and the sodium was found 
to be 1250 m,eq per liter Continuation of this therapy 
for an additional three weeks resulted in no further fan 
provement the concentratioo of sodium in the scrum re 
r rn^nlng well below normal (123,9 uLcq per liter) nor 
did weekly mjections of 5 cc. of cschatln appear to have 
any added effect 

Therapy was then limited to the daily use of 6 grams 
of NaHCOi and 9 grams of NaCL The concentration 
of sodium In the serum following this treatment was 
1272 DLcq per liter Although some anorexia, weak 
ness, and discomfort In the vaiioui joints persisted, there 
was great clinical improvement and the patient was dis 
charged *1* weeks later with instructions to continue 
this lunple therapy 

She remained quite well until the develo pm e n t of an 
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upper rcspuTitorj infectjon. Following this, anorexia and 
weakness increased, and the generalized arthntic pains 
became quite troublesome, causing chief concern m the 
mornings, and diminishing m seventj as the day pro- 
gressed Although weakness and languor were a little 
more apparent, she did not seem to be m cnsis Results 
of analjscs of blood and serum showed little variation 
from those of the previous discharge, with the exception 
of an elevation in urea nitrogen to 30 mgm. per 100 mb 
of blood. Upon active resumption of NaQ and NaHCO* 
therapj, an immediate improvement was noted 
Therapeutic results in this patient, while beneficial, had 
left much to be desired, and an effort W’as made to de- 
termine the effectiveness of one of the newer adrenal 
cortical extracts The total mtake of sodium chloride 
was lowered to 4 grams daily for seven days On the 
fourth daj the expected aggravation of symptoms was 
noted, and daily intramuscular injections of the extract 
were begun In spite of this treatment a gradual pro- 
gression mto crisis occurred, which was relieved by a 
return to that form of therapy which previously had been 
most beneficial (9 grams NaQ and 6 grams NaHCO» 
dailj ) Analysis of the serum confirmed the climcal im- 
pression that the cortical hormone, as used in this pa- 
tient, was ineffective in preventing the development of 
cnsis under conditions of salt restnction 
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Following this observation, the patient's clmical con- 
dition remained stationarj under treatment consisting of 
dailj administrations of 9 grams NaCl and 6 grams 
NaHCO*, although some weakness and varymg degrees 
of anorexia persisted. An attempt to improve this status 
with the use of cortical extract in addition to the sodium 
therapj resulted m no apparent change m general ap- 
pearance or subjective state. Studies of the serum were 
unsatisfactorj in the evaluation of the effect of these 
injections since csscntialh normal clectrolj-tc levels had 
been maintained bj means of the sodium salts alone and 
further increases were not expected from spcafic treat- 
ment. 

During the eight-week penod which covered the studies 
reported m the text the patient received only sodium 
chloride. On this regimen the patient s general condition 
was not quite so satisfactorj as v hen bicarbonate was 


also administered in conjuncUon with NaQ Pcnodic- 
allj, there was vomiting and mild e,xacerbaUons of 
weakness WTiethcr this reflected merely the omission 
of bicarbonate or was due to the relativclj high amount 
of potassium included in the special diet is problematical 
With the conclusion of the results reported, the patient 
desired to leave the hospital for a short time before at- 
tempting any further studies Accordingly, she returned 
to her home in another citj with instructions to take the 
sodium chloride and bicarbonate that had been most 
effective m relievmg her symptoms A sudden illness of 
two dajs’ duration however, resulted in her death five 
weeks later No autopsy was performed. 
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Although there are innumerable reports on the 
blood cholesterol of man under normal or abnor- 
mal conditions, most of these arc based on single 
or, at best, a few determinations on a given indi- 
vidual While there has developed an increasing 
realization that tlie variation or the lack of change 
in the level of blood cholesterol of the mdividual 
imder a certain set of conditions is of paramount 
importance, reports of such variations are meager 

An unusual opportunity vv'as afforded us to 
study the serum cholesterol of a group of hos 
pitaUzed but not acutely ill pabents at approxi 
raately weekly intervals for a year or more 

MATERIAL AND TLAN OF STUDY 

There were 10 patlcnti in the group The following 9 
of these were abidtcd for 12 to 14 months D C, a 
Negro of 21 years with inacthre rheumatic heart dis 
ease M C, i white male, age 62, with hypertensive 
vascular disease M CL a white female, age 55 wHh 
diabetes H a white female, age 42, with tabes dos 
salts, F IL, a white male, age 64 with diabetes J N^ a 
white male, age 52, with peptic olccr, J a white male, 
age 44 with inferior vena ca\’a obstroction A. P,, a 
white female, age 79 with general artenosckrosis and 
hypertensive vascular disease and T R-, a white male, 
age 71 with general arteriosclerosis The tenth case, 
B a white mate of 38 with syphilis and cerebral 
thrombosis, was under observation for 7 months. 

The period of observation began in the late Fall of 
1936 and extended to the Winter of 1937-1938, During 
this time the basic diet consisted of 350 grams of carbo> 
hydrate, 100 grams of protem and 115 grams of fat daily 
The diabetics however were given 160 grams carbo- 
hydrate, 75 grams protein, and 90 grams of fat dally 
The patients were weighed each week because of the 
possible bearing of the slate of nutntioo on the level of 
the serum lipids (8) It may be mentioned here that no 
significant fluctuation in weight took place in any case. 
Monthly blood counts were obtained and remained con 
stant The basal metabolic rate was determined each 
month and did not vary significantly except for an ex 
pected nse during thyroid administration The serum 

^ Read by title before the American Society for Qbii 
cal Investigation May 2, 1938 


cholesterol of each patient was determined at weekly 
intervals by the method of Bloor, Pcikan, and Allen (2) 

The plan of study for each case was similar After 
a control period of about 2 months during which m base 
line for the serum cholesterol was established and ob< 
servations were made on the variation of serum choles 
tcrol from hour to hour the patient was given potassium 
iodide or thyroid for 4 to 6 weeks and the fat content 
of the diet was raised or lowered for a similar period. 
Following each of these experimental periods 4 or 5 
weeks as a rule were allowed to pass to obtam further 
control observations. However, high fat and low 
fat feeding periods were consecutive m order to heighten 
by contiguity any effect secured. After the thyroid ad 
ministration it was necessary to allow 4 to 6 weeks for 
the scrum cholesterol to stabflue before beginning a 
control period, and the dctermfnationi made during these 
post thyroKl weeks were discarded. 

Figure 1 shows the scrum cholesterol values for Pa 
tient T R. during the entire penod of study lasting for 
62 weeks. It illustrates the temporal relabODshlps in a 
typical case accordmg to the plan just outlined. 

Varujtwn during 24 hour periods 

It was stated above that, dunng the first control 
penod when the fasting serum cholesterol was 
bang determined for each patient at weekly in- 
tervals, opportunity was presented to perform 
repeatedly so-called * cholesterol tolerance tests ” 
upon the group of cases 

There are many conflicting statements m the 
literature as to the stability of the blood choles- 
terol values during a day with or without the 
ingestion of a high fat meal The following re 
ports should be regarded as typical but m no sense 
a complete survey of the subject 

Bruger and Soraach (4) found an average 
standard deviation of ± 8 0 per cent in the whole 
blood cholesterol over a 24-hour penod indq)end- 
ent of the ingestion of food McEachem and 
Gilmour (10) noted an individual vanation of 
25 to 84 mgm with an average of 40 ragm ra 
28 normal fasting humans over a " i i- 
On the other hand, Boyd (1) y 
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WeeK5_ 

Fig 1 The Weekly Serum Cholesterol Le\'els of a Single Patient, T R, 
During a Period of Observation of 62 Weeks 


\'anations in an individual dunng a 24-hour penod 
regardless of food, exerase, and so on 

After a fat meal, Hiller, Linder, Lundsgaard, 
and Van Slyke (6) found no significant change 
m the plasma cholesterol of either normals or 
ncphnbcs Mjassnikow (11) detected no nse 
in blood cholesterol in normals or in patients with 
liver disease, but found an increase regularly in 
nephrobes Blotner (3) reported that normal or 
malnounshed individuals show no increase m 
plasma cholesterol after 500 cc of 20 per cent 
cream, but that a nse occurs m obese patients or 
those vith diabetes insipidus 

In the present group of 10 cases, 44 tests were 
made as foUous A blood was taken for analysis 
at 8 am mth the patient in the fasting state 
Breakfast consisted of fruit, 2 eggs, buttered 
toast, coffee, and 200 cc of milk to which 20 
grams of cholesterol had been added Dinner 
and supper uere served at the usual hours Ad- 
ditional bloods were taken at 10 am, noon, 4 
p m , and 8 a m of the follomng day 

The results of a single test on each of 5 patients 
are shown m Table I They are tj-pical of the 
whole group 

It is clearh shown that there was little or no 
change in the total serum cholesterol dunng the 
course of 24 hours This tendency of the serum 


TABLE i 

Serum cholesterol durtng Z4-hour ptrtods 


Patient 

Total «nim cholesterol 
tmtm per 100 u) 

Ester cholesterol 
(mtm per 100 cc) 
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cholesterol to be maintained at a constant level 
dunng the day regardless of feeding was stnking 
in each of the 10 patients studied Such fluctua- 
tions as occurred were inconstant and apparently 
casual, resulting, perhaps, from errors m tech- 
mque or from unknown causes The possibility 
of thar being the result of changes m hemocon- 
centration was investigated but no relationship 
could be demonstrated The cholesterol ester 
vaned more widely, but again according to no 
set pattern 

In order to broaden the scope of this phase of 
our observations, the same procedure was em- 
ployed upon an additional group of 25 patients 
more acutely ill and representing a vanety of 
disease entities In these cases also it was ap- 
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parent tliat tlie serum cholesterol did not fluctuate 
significantly dunng the 24-hour penod 

yanalion dunng o year 
McClure and Huntsmger (9) analyzed 4 blood 
samples from each of S patients over a penod of 
weeks or months and concluded that there was 
considerable vanation m the cholesterol Tins 
view was concurred m b) Puchcr and Sly (14) 
but ivas opposed by Robinson (15) as the result 
of a few obscrsations on 2 cases In a more ex- 
tensne study, Schubc (16) determined the whole 
blood cholesterol of 10 patients at weekly in 
tervals for 16 weeks and found a maximum de- 
viation of approximatelj 40 mgm from the mean 
for eacli case Sperry (18) made 2 or more de- 
terminations of tlie scrum cholesterol of 25 
healthy adults at varying intervals, tmd found a 
maximum vanation of 12^ per cent from the 
average, while in 17 instances this vanation was 
6.2 per cent or less From this he concluded, 
“ In most, if not all, persons in health the amount 
of cholesterol in the serum appears to be main- 
tained at a constitutional level which is charac- 
tenstic for each individual and from which large 
deviations do not ordinanly occur ” 

In our series, the determination of the normal 
vanation in the serum cholesterol was based on a 
study of 4 control penods The first of these 
came at the beginning of the year s observation 
and lasted about 2 months The second followed 
the penod of potassium iodide administration and 
lasted 4 to 6 weeks The third rvas of similar 
length and began 4 to 6 weeks after a period when 
thyroid was given The fourth came at the end 
of the year follownng periods of high and low fat 
feeding and vvas 4 to 10 weeks long 

The level of the serum cholesterol for each 
individual tended to remain relatively constant 
dunng each of the 4 control periods, although 
these were separated by mtervals of as much as 
3 months Based on the combined results for 
the 4 control penods, the first columns of Table 
II show the maximal range and average for each 
patient When tlie single deterrmnation of the 
total serum cholesterol farthest from the average 
IS considered, the vanation ranges from 4 per 
cent (B S ) to 15 per cent (H F ) with less 
than 10 per cent m 6 cases 
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The levels of the cholesterol throughout the 
group average lugher than has been usual m our 
expenence. In 4 cases we should regard them 
as definitely above normal The highest of these 
(M Q ) was a woman of 55 with well-controlled 
diabetes M C, a male of 62 years, hod hyper- 
tensive vascular disease, as did A P , a woman 
of 79 J N was a man of 52 with a healed 
peppe ulcer 

E§ec1 of fotassnim iodide 

Eadi patient ivas given 2 grams of potassium 
iodide dmly for 4 to 6 weeks This dose was 
well tolerated There was no effect on the basal 
metabolic rate. 

Table II shows the range and average of the 
total scrum cholesterol and the average percent- 
age of cholesterol ester Similar figures for the 
control penods are given for companson. 

It IS obvious that KI m this dosage for this 
length of time had no effect on the level of the 
total serum cholesterol or on the percentage of 
ester cholesterol in 9 of tlie 10 patients In 1 
case (M O ), the female diabetic, the cholesterol 
values tended to be higher while KI was being 
given The average for the KI penod was 434 
mgm compared with 384 mgm for the control 
penods. Whether or not the nse m serum choles 
terol in this case is significant, we are unable to 
say 

Effect of thyroid 

The adnumstration of thyroid lasted 6 weeks 
in most cases The dosage was detemimed by 
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the reaction of the patient and the nse m basal 
metabolic rate The daily dose of thyroid varied 
from 30 to 240 mgm The results are showm m 
Table 11 

It v,nll be noted that m every case the total 
serum cholesterol fell This is seen not only m 
the averages for the period but more accurately 
by comparing the lower figure of the range with 
the range of values for the control penods With- 
out exception a new low value is established dur- 
ing thyroid admimstration The percentage of 
cholesterol esters is apparently uninfluenced 

A fall m blood cholesterol has been noted pre- 
viously wnth thyroid administration (5, 7, 13) 
although it has been emphasized that this fall does 
not occur m nephrosis (12, 17) 

The basal metabolic rate ivas also increased in 
every case This increase vaned from 8 to 30 
per cent with an average of 20 per cent 

When the thyroid admimstration was stopped, 
tlie serum cholesterol rose at vaiying rates toward 
control levels Occasionally, it overshot previous 
values and then dropped back During this stage 
of readjustment, which lasted 4 to 6 weeks, choles- 
terol determinations were discarded so far as the 
purposes of this paper were concerned 

Effect of high or lo-vo fat diets 

Nine of the original 10 patients were available 
on whom to tiy the effect of diets high or low in 
fat First they were given for 6 weeks a diet 
containing 300 grams of fat daily except in the 
case of the two diabetics w'hose basic diet of 
160 C— 75 P—90 F was changed to 100 C — 
75 P — ^200 F The high fat intake was not 
pleasant, and it w’as wath some difficulty that the 
patients w'ere preratled upon to carry through 
with it 

Without intermission the same patients were 
switched to a low fat diet contaimng less than 
50 grams of fat daily On this diet they re- 
mained for 6 wedss 

The results of the high fat and the loiv fat 
feeding on the serum cholesterol are shown m 
Table III 

Furthermore, at a later time, 3 of the patients 
again submitted thcmseUes to the unpleasantness 
of the high fat diet, on this occasion supplemented 
daili bj 10 grams of cholesterol in 200 cc, of 
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• High fat diet plus 10 grams of cholesterol daily 


milk, for another 6'week penod The results of 
this are also incorporated in Table III where they 
may be distinguished by asterisks 
In 5 of the 9 patients there was no increase m 
the total serum cholesterol dunng the period of 
high fat feeding In 4 cases a slight nse seemed 
to occur The significance of this in 2 cases 
(F K and J N ) ivas somewhat nulhfied by the 
failure of the cholesterol level to fall substantially 
on a restncted fat intake In a third case (JO) 
the cholesterol did not show the same nse when 
the patient \vas again given a high fat diet wnth 
added cholesterol Accordingly, it seems that too 
much emphasis should not be placed on tliese 
nses m serum cholesterol while on a high fat diet 
As for the addition of cholesterol to the high 
fat diet, it may be dismissed by saying that it was 
without effect when compared with the use of a 
high fat diet alone 

The total serum cholesterol values of patients 
on a low fat diet were in nowise different from 
those dunng the control penods 

With both diets, whether high or low m fat, 
the percentage of cholesterol ester rose slightly 

SUMMARY 

1 The serum cholesterol of 9 patients ivas 
studied for 12 to 14 months, and m 1 case for 
7 months 

2 The serum cholesterol of an individual tends 
to remain remarkably constant throughout the day, 
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regardless of the feeding of a breakfast rich in 
cholesterol This same constancy for the indi 
vidual is evident from week to ueck and month 
to month 

3 Potassium iodide given m doses of 2 grams 
per day for 4 to 6 weeks has no effect on the 
scrum diolestcrol level of the individual 

4 Th}TOid admimstration produced a sharp 
drop in serum cholesterol in every case. This 
ii\*as accompanied by a rise m tlie basal metabolic 
rate. 

5 A diet high in fat seemed to cause a slight 
nsc of dubious significance in the serum choles 
terol of 4 of 9 patients Tins increase wtis not 
augmented by the addition of cholesterol to the 
diet in 3 cases. 

6 A diet lovi m fat failed to influence the le\cl 
of the scrum cholesterol 
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Vasoconstnebon m the glomerular and pre- might be considered as favoring the second ex- 
glomerular blood vessels of the kidney with a planation 

consequent anoxia m the capiUanes has been hy- Starr (10) produced protemuna by the ad- 
pothesired as a cause of many proteinunas, not mmistration of adrenalm and ephednne. Unless 
only in non nephntic but even m acute nephritic there was a nsc m blood pressure (vasoconstne- 
conditions The main evidence for this hy- bon) no protemuna resulted. Starr found pro- 
pothesis IS that many of the stimuli produemg teinuna after CO, inhalation and heraorrioge, 
protemuna are known also to mterfere with the which also produce vasoconstnebon. Cats ex- 
renal arcuhbon, usually by causmg vasoconstnc- creted protein n hen excited. He believes that 
bon However, because of the prolonged time the vascular constnebon causes an mcrease m the 
element, and the adrmmstrabou of drugs, many durabon and extent of the normal mtermittent 
of the earlier cxpenmenls hate not been sufB mterrupbons m the glomerular circulabon Per- 
aently swiftly executed to rule out possible causes meabihty of the glomerular membranes is so m- 
other than vascular spasm per se In some cases, creased by these lengthened mterrupbons that 
vascular constnebon, though probable, has not when the blood flow is reestabhshed, protem es- 
been shown to have occurred capes Hermann (11) had long before shown 

The literature is amply retnewed by Senator that mechamcal mtemipbon of the renal blood 
(1), Volhard (2), and Fishberg (3), and will flow results m protemuna when the circulabon is 
not be detailed here. Some of the difficulbes of restored. 

interprctabon will be merely indicated. Ortbostabc protemuna seems to occur predom- 

Johnson (4), Abesser (S), Chnstensen (6), mantly m individuals with labile vasomotor sys- 
and others found protemuna m many of their terns (3) and may depend upon the vascular 
subjects who had swum in cold water Since mstabihty (12) 

cooling the skm causes renal vascular spasm. In studying the vascular mstabihty of pabents 
(Wertham (7)), the protemuna has been at- with primary hypertension, Hmes and Brown 
tnliuted to vasoconstnebon But Jehle (8) and (13) have developed a “cold pressor test" This 
Ahesser (S) explam this protemuna by the test consists m determining the subject’s basal 
markedly lorfobc posture assumed in smmmmg blood pressure after a penod of rest m bed. 
Sbll another possibihty is that the increased mtra- One hand is then immersed m ice water for one 
abdominal pressure retards the venous return irunute. The blood pressure will usually nse 
from the kidney, thereby causing protemuna (3) abruptly and is nearly maxunal within 30 sec- 
Schlombka (9) produced protanuna m 9 of ends. The magmtude of the nse m pressure 
37 subjects by immersmg the lower parts of thar vanes from pabent to pabent, and may be very 
legs in cold water for penods up to 25 mmutes marked m some mdmduals. Venous stasis does 
(average 16 minutes) He considered two pos- not prevent the effect which apparently is reflex, 
sible causes , first, vascular spasm, and second. The abrupt mcrease m pressure with a rapid re- 
the local produebon m the chilled skm of some turn to the basal level must, of course, depend 
substance which affected glomerular permeabihty upon transitory vascular constnebon. 

He found that if the venous return from the legs This response to the cold pressor test is given 
was prevented, there was less protemuna. Some by many apparently normal mdividuals m whom 
subjects show^ no eflfect from chilling alone, no renal disease or hypertension can be found, 
when the venous blood was occluded. This The vascular spasm, m these subjects, oo^., 
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Within 60 seconds and disappears within the next 
60 seconds as shown by the excursion of the 
blood pressure Here, then, is a means of pro- 
duang a momentary 'I'ascular spasm Will such 
a transient spasm be follow’ed closely by pro- 
teinuna’ If so, the expenments would be good 
cwdence for the hypothesis that \^cular spasm 
does result m protein leakage 

MATERIAL AND METHODS 

In the course of a stud> of the cold pressor test in 
more than 500 pregnanacs (14) it was found that in 12 
per cent of all the women observed the blood pressure 
rose more than 25 mm Hg when the cold stimulus was 
gi\cn Some of these “hyper-reactors" ha\e been used 
in this im cstigation The patients w ere m varying stages 
of pregnancj and puerperium, and a few were seseral 
months postparium when the present expenments were 
made. A control senes of patients ginng blood pressure 
nses of less than 20 mm Hg was utilized. In both 
groups, patients were selected both wnth and wuthout pre- 
existing protcinuna, with and w ithout toxemia oh preg- 
nanc>, and wnth and wnthout demonstrable renal disease. 

During the morning of the test, the patients were al- 
lowed to have breakfast, and were encouraged to take 
copious amounts of fluids Ureteral cathetenzation was 
then done bj one of us Indigo carmine was injected 
mtra\ cnousl> , and the efSaenej of the kidneys in ex- 
cretmg it was noted. The procedure was explamed to 
all of our patients in order to mmimize nervous tension. 
No sedative drugs were used. 

On returning to bed, the patients were left for varying 
penods until the blood pressure had become stabilized 
at an apparentlj basal level Two urine specimens were 
then obtamed from each ureteral catheter, usually over 
4-minutc jvenods, these served as the controls The 
hand was then immersed up to the wnst in ice water 
for one minute, while the blood pressure was taken at 
30 and 60 seconds, and every minute thereafter Suc- 
cessive urme collections were then made, m graduated 
centrifuge tubes, at 4-minute intervals In manj cases, 
the venous return from the chilled hand was prevented 
by a tourniquet. 

Grossly bloody unne was discarded. The unne for 
analysis was centrifuged, first at 1200, then at 2300 
rpm. for about 30 minutes Five-tenths to 2 mk of the 
supernatant unne was then pipetted mto centnfuge tubes, 
diluted to about 10 ml wath distilled water, and the 
p-o'cin prcapitated by the addition of 2 mk each of 10 
per cent sodium tungstate and % x sulfunc aad (15) 
After standing overnight, the tubes were centnfuged 
and the supernatant fimd drained off The protem was 
redis'olvcd m 10 per cent sodium tungstate, and the 
p'cap tation repeated. The follownng day , the protein 
was di"olved in dilute sodium hydroxide and trans- 
ferred quantitatively to Folin nonprotem nitrogen tubes 
D ges'iQT was accomplished by the Wong persulphate 
tnethed (IS), and the digest nes'lenzed directly and read 


colonmctncally against standards containing from 005 
to 0.25 mgm of nitrogen 

In some cases, an approximate measurement of the 
glomerular filtration was attempted by determining the 
plasma clearance of endogenous creatinine (16) The 
creatinine of both plasma and unne was determined by 
the methods of Folin (17) 

RESULTS 

The subjects used in this study have been 
divided into two groups, those who gave no re- 
sponse m proteinuna and those who did The 
findings for the first group are abstracted in 
Table I These 24 patients, with 2 exceptions, 

TABLE I 


Proieinnna t» control senes of patients wlio showed either no 
proteinuria or no increase w proteinuria after the 
cold pressor test * 
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4/— 4 
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12/20 

00 

00 


oooc 

00 


10 R 
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12/10 

30 0 

34 0 

3 

0 420 

OJIO 

3 

11 R 

Toxemia 

10/12 

S7J 

75.2 

3 

0J30 

0J80 

2 

12 R 

Pyelitl* 

14/20 

52 0 

56 0 

4 

0.210 

0.200 

4 

13 R 

Normal 

12/14 

35 0 

30A 

2 

0 099 

0 900 

1 

14 L 

Nephritis 

6/15 

4910 

750 0 

4 

1 470 

1.500 

4 

15 R 

Toxemia 

lO/IO 

290 0 

3160 

2 

0 945 

0 942 

3 

15 L 

Toxemia 

10/10 

626 0 

752 0 

3 

1 410 

tJOO 

3 

16 R 

Hyper 

4/0 

00 

00 


0^ 

0 000 


16 L 

tension 

4/0 

25 0 

24 0 

4 

0^04 

oai4 

3 

17 R 

Toxemia 

10/8 

169 0 

303 0 

3 

0 796 

0606 

3 

18 R 

Toxemia 

20/16 

106 0 

924) 

1 

0.286 

0J76 

1 

ISL 

Toxemia 

20/16 

129 0 

US JO 

2 

0-148 

0-354 

1 

19 R 

Toxemia 

16/16 

53 0 

32.2 

4 

0 480 

0J50 

4 

19 L 

Toxemia 

16/16 

73 4 

28 1 

4 

0^50 

OAIO 

4 

20 L 

Nephritis 

10/13 

114 0 

250 0 

2 

0.510 

0J80 

1 

21 R 

Nonnal 

18/10 

31 9 

58 6 

4 

0.266 

0 281 

4 

22 R 

Toxemia 

10/20 

2564) 

268 0 

4 

0 724 

0 642 

4 

22 L 

Toxemia 

10/20 

2714) 

268 0 

1 

0.804 

0£90 

1 

23 R 

Hyper- 

28/42 

324) 

49 0 

4 

0.288 

0J62 

3 

23 L 

tension 

28/42 

38 4 

38 0 

3 

0 442 

0 430 

2 


• Only two of these gave nses of more than 16/16 mm in 
blood pressure 

t "Control" is average of two unnes taken before cold 
stimulus “Penod" refers to the 4-minute interval m 
which observation is recorded "R" stands for the right 
kidney and "L” for the left. "Maximal" is the highest 
proteinuna observed after the admmistration of the cold 
stimulus 


had but small increases in blood pressure follow- 
ing the cold pressor test, none showed any in- 
crease m protem excretion In some cases the 
protem concentration m the unne increased, but 
this was counterbalanced by decreased unne 
volume The changes m minute volume output 
of unne seem to be of no sigmficance. In some 
cases marked increases in volume occurred, m 
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some marked decreases, whfle in many the varia- 
tions were only slight The subjects m this 
group were all women ranging from the third 
month of pregnancy to the third month after de- 
hvery Some were normal pregnanaes, some 
were toxemic One patient had pyelitis and 
three were thought to have permanent hyperten 
sion One third of the group had no proteinuna 
at all prior to the test, wlule the other two-thirds 
had some degree of proteinuria ranging from 
faint traces to 5 grams per liter 
The patients of this first group may be taken 
as controls, they gave only slight vascular con- 
stnction, as shown by the blood pressure nses 
which aierage 9/10 mm Hg systolic/diastohc, 
and following the stimulus there was no increased 
proteinuna 

In Table II are shown the significant results 
obtained in 23 equally dnerse subjects whose 
blood pressure nses were in excess of 16/16 

TABLE II 

Prolttnimc tx strut o/ falunts who core more markti Tt~ 
spmses lo tlu cM prtsstr tesi All other condition! 

04 in control Benei Column hcada and 
obbreviationa aa in Table I 
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28 0 

1170 

4 
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0 743 

4 

26 R 
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3 



3 
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4 
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38/40 

268J3 

3000 
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2 
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46 L 

47 R 

Nomul 

ToxcoiIb 


3320 
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5600 
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M 
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3 

2 
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1^ 

B 


BS 
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All of these patients showed an increase in pro- 
teinuna subsequent to the appheahon of the cold 
stimulus (Tito patients giving such blood pres- 
sure nses did not excrete increased amounts of 
prolem they arc included in Table I ) In 3 
cases there was no preexisting proteinuna but 
following the blood pressure nse, proteinuna ap 
pcared. In the other 20 cases, the original pro- 
tein excretion was increased Five subjects 
developed proteinuna from one kidney but not 
from the other In these 23 patients 36 kidney 
unne senes were analyzed All but S senes 
showed increased concentration of protein Six 
failed to show an increased excretion (volume 
X concentration) Of these 6 senes, m S cases 
one kidney gave an increased protemuna while 
the other did not In the sixth case the urine 
from only one kidney was analyzed. 

The average responses m the minute unne 
volume output, unne protem concentration, and 
ramute excretion of protein are shown in 
Figure 1 



Fio. 1 The Chahcxe ih Uanre Volume Output 
UbIHE PhOTZIH CoNCENTKATlOir AMD MlNUTE OUTPUT 
OP PaoTzin Followimo Vascuiab Combteiction 
A “ Minute excretion of protein 
B «= Concentration of nrfne protein 
C “ Unne volnme output 

All arc plotted aa percentages of the basal (control) 
levels, which arc taken as 100 per cenL 
D e= Average change in *- 
Absolute values are given 
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It IS barely possible that this production of pro- 
teinuna is more apparent than real For m- 
stancc, it might be argued that not all of the unne 
drains through the ureteral catheters m the con- 
trol periods, some escaping down the ureters 
This would give false low basal protemunas 
Follownng the cold stimulus, the ureters might 
contract with a consequent diversion of more 
unne to the catheters, thereby apparently increas- 
ing the protein excretion This cannot be the 
case in the three instances where proteinuna ap- 
peared for the first time after the cold stimulus 
was applied (32R, 38L, and 40L, Table II) 

To control the possibility that incomplete col- 
lections of unne were vitiating the results, a 
senes of expenments was done in wluch the 
proteinuna was calculated on the basis of the 
mmute excretion of creatmine If the unne col- 
lections w’ere complete, this relates the protein 
excretion to the glomerular filtration (16) If 
the unne collections were not quantitative, the 
error of collection is neutralized by companng 
the proteinuna with the creatimne excretion, 
since the ratio gives the relative amounts of pro- 
tein and creatinine filtered Table III shows the 
results of the expenments in which simultaneous 
measurements of protein and creatinine excretion 
were made This ratio of protein excretion to 
creatinine excretion is independent of errors in 
unne collection and estabhshes the validity of the 
conclusion that v^ascular constnction is followed 
b> increased protan leakage In 8 of 12 cases, 


the ratios denoting the relative filtration of pro- 
tern are markedly increased, while in 2 others 
they are slightly increased The averages are 
represented graphically in Figure 2 
Assuming accurate collection of unne, the fluid 
volume filtered seems to dimimsh following the 
vascular constnction produced by the cold stim- 



Fig 2 The Changes in Gujmerular Fh-teation 
(Lovrai Curve) and in the Protein Excreted fee 
Unit of Glomerular Filtration (Upper Curve) 

Both curves plotted as percentages of basal (control) 
levels which are taken as 100 per cent Absolute values 
arc given in Table III 
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Tf-e increased glomertdar fiJlralton of urtne proletn m subjects gfvtng appreciable blood pressure nses after cold stimulus 
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ulus As Table IV demonstrates, 9 of 11 cases 
have such decreases One of the others varies so 
greatly as to suggest faulty drainage m the cath- 
eter This decrease m filtration is to be expected 
since constriction of the renal vessels would cut 
down the blood flow through the glomeruli, and 
thereby necessarily dmumsh filtration 

TABLE IV 

GtojTKTular fiUrahon at ptr cent of the controls after cold 
sttmulalton In subjects ctnnj blood pressure 
rises of more than 20 mm lit 


Norabtr 
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rim 
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Pertnt 

t<r ffmf 
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130 0 

40 R 
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100 
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850 

41 R 
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100 

98 0 
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77 4 

96 8 

43 L 
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100 
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68J 

56 5 

44R 
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100 

95 6 
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93 7 

78 7 
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100 
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45 L 
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100 
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91 7 
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46 L 
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100 
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718 
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73 5 

39 R 

72/7S 
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2160 

1130 

100 0 

304 0 

44L 
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100 
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148,0 

Mean of all 


too 

104 7 

87 1 

904 

118.8 

Mean of all 
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too 

845 

76 2 

92 2 

92,3 


The decreased creaUnine excretion, whether 
apparent or real, throws out the possibility men 
honed above, that there were systematic errors in 
the collection of the unne. There may be mcom 
plete collections, but they are not responsible for 
the increases found m the excretion of protein 
More protem is filtered foUomng the vascular 
constnction, even though the volume of fluid 
filtered is decreased 

There seems to be no relation between the de- 
gree of blood pressure rise and the amount of 
protanuna, the unne volume output, or the glo- 
merular filtration. Of course, it must be borne in 
mind that the comparison is between different 
subjects, and not different observabons of the 
same individual 

The nght and left kidneys react similarly m 
pracbcally all cases This is intereshng in view 
of the fact reported by Sonne (ated by Fish- 
berg (3) ), that orthostatic protemuna anses from 
the left kidney However m the present senes 
of experiments the vascular spasm is presumably 
general and therefore affects both kidneys In 


Sonne’s expenments, the venous return from the 
left kidney alone ivas thought to be impaired 

Erlanger and 'Hooker (12), in studying one 
case of orthostabc protemuna, found that any 
factor which lessened the pulse pressure favored 
tlie appearance or intensification of the protein 
excrebon From the blood pressure rises given 
in Table II, it may Tie seen that m the patients 
developing protemuna, 1 had no change in pulse 
pressure, 9 had an increase, and 12 a decrease 
There is a similar distribution among the patients 
who gave no response in protemuna (Table I) 

It tvould seem therefore, that changes in pulse 
pressure, per se, have little influence upon the 
protemuna of vascular constnction 

DISCUSSION 

As has been shown above, momentary vascular 
constnction dependent upon a single vanant, if 
marked enough to give blood pressure nses of 
more than 16/16, is usually followed closely by 
an increased excretion of protein in the unne 
Perhaps the first question which anses is “how 
simple IS the effect 

The whole vascular episode, as judged by the 
blood pressure changes, occurs within 120 seconds 
Most of tlie spastic phase occurs within the first 
60 seconds Hines and Brown (13) suggested 
that the blood pressure response to the cold 
stimulus IS purely a reflex to peripheral sensory 
stimulation. The fact that the response is un- 
affected by the occlusion of the venous return 
from the chilled hand corroborates this interpre 
tabon 

The protemuna follows very closely upon the 
vascular constnction Allowing for the dead 
space m the kidney, the protein may be said to 
appear at once. Under the circumstances, it can- 
not be argued that chiUing the skin produces 
locally a substance which affects the glomerular 
permeability The time is too short, and the 
protemuna does result even if the venous return 
from the chilled hand be prevented, as it was m 
about half the cases m Table II Apparently, 
therefore, the protemuna results from the vas- 
cular constnction per se 

It may be of some interest to calculate when 
the protein must escape from the capillanes, since 
such a calculation might V ui<-i thepnP’A 

temuna is a -f 
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\-ascular spasm Brodie (18), m computing the 
force necessarj to propel the unne down tlie 
renal tubules, has presented the follomng meas- 
urements of the vanous parts of the dog’s 
nephron Each dimension ated is the grand aver- 
age of many measurements made m several dogs 
An approximation to the volume capaaty of a 
nephron may be obtained by calculation from 
the formula for a cylinder, and thus the "dead 
space ’’ may be roughly estimated (Table V) 


TABLE V 

Dimensions of the dog’s nephron, calculated from 
Brodte’s (18) data 


Portion 

Lenethl 

Dlamettr | 

Cattadty 


mm 1 

mtcra 

c mm 

Proximal convoluted tubule 

110 

12 0 

0 001244 

DescendmB loop of Henle 

85 

10 0 

0 000668 

tseendmg loop of Henle 

85 

95 

0 000541 

Distal convoluted tubule 

20 

18 0 

0 000509 

Collecting tubules 

22 0 

12 0 

0 000237 

Total capaaty of nephron and collecting tubule 1 

0 003199 


This \olume capaaty of the nephron which we 
lave calculated is wdely vanable, depending upon 
he d^ee of diuresis as Brodie showed, and proh- 
ibly also upon the mtrarenal venous blood pres- 
lure Furthermore, errors in the measurement 
if diameters are squared in the calculation of 
volume Brodie’s measurements were made m 
histological sections, and probably do not repre- 
sent accurately the living condibon 
According to Smith's (19) recent review of 
hterature on the kidney, there are about 1,000,000 
nephrons in each human kidney This gives a 
^'alue of 32 ml as an approximation to the fluid 
lolume capaaty of the renal tubules, or "dead 
space.” On the usual assumption that about 60 
per cent of the nephrons are active at any given 
time, one would expect that from the moment 
that protein appears m the glomerular filtrate 
until it reaches the pelas of the kidney, 1 92 ml 
of protem-free unne must be passed To this 
\ olume w e must add 0 35 ml , the average ca- 
paatj of a number 5 catheter, giving a i olume of 
2.27 ml There is still an undetermined fluid 
\ olume between the area cnbrosa and the opening 
of the catheter m the pelns Roughly, we might 
estimate the total dead space, from the glomerulus 
to the tube m which the unne was collected, as 
about 3 0 ml 


Crude as this calculation maj' be, there is an- 
other consideration which supports the result ob- 
tained Smith, Goldnng, and Chasis (20) ha\e 
noted the time after intravenous injection of 
phenol red at w'hich the dye appears m the blad- 
der, wnth different unne flows When the unne 
volume output is about one ml per minute, the 
dye appears in 200 seconds Allownng 26 seconds 
for the arculabon time, this gives 2 9 ml as the 
“ dead space ” for the human kidney 
These volumes are m excellent agreement ivith 
the observed unne volumes in the three cases 
(32R, 38L, and 40L) where there was no basal 
proteinuna, and protein did later appear Meas- 
unng from the end of the cold stimulus (at which 
time the vascular spasm begins to relax) until the 
beginmng of the collection penod in which pro- 
tan appeared m the unne, we find that an average 
of 2 7 ml of protem-free unne had been col- 
lected The individual volumes were 2 3, 26, 
and 3 1 ml This would indicate that the pro- 
tein must escape from the capillanes at a time 
very close to the restoration of the blood flow 
through the glomerulus, which occurs with the 
release of the vasospasm 
It is interesting to calculate how much protein 
leaks through the capillanes, and m what con- 
centration, folloiving the momentary vascular 
spasm We shall take tivo extreme cases from 
Table II, 32R and 37L The glomerular filtra- 
tion for the one kidney will be assumed to be 
somewhere betiveen 50 and 60 ml per minute 
In 32R, ivith a unne volume of 0775 ml per 
minute, the protan concentration in the only 
speamen to show protein was 36 mgm per cent 
The total amount of protein excreted here, fol- 
lowing the vascular spasm, ivas 1 116 mgm The 
unne ivas concentrated from 65 to 78 times, say 
72 Therefore the concentration of protein in 
the glomerular filtrate wras 36/72 — 0 50 mgm 
per 100 ml In 37L the basal proteinuna was 
high — 362 mgm per cent, and rose to 816 mgm 
per cent after the cold stimulus, an increase of 
454 mgm per cenL The unne volumes were 
0 35 and 0.25 ml per minute, giving concentra- 
tion ratios of about 150 and 210 Therefore, 
the concentrations of protan in the glomerular fil- 
trate, before and after the cold stimulus, would 
be 2 42 and 3 88 mgm per cent, an increased 
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protan leakage into the glomerular filtrate of 
about 1 46 mgm per 100 ml 

From the calculation, it is seen that the effect 
of the 'momentary spasm upon the capillary per- 
meability 15 not really very marked It appears 
to be greater because of the fact that the fluid 
filtered b} tlie capillanes is concentrated many 
times over bj the kidney tubules Apparently 
the factor which causes the protdnuna is a sud- 
den mtensificahon of the vascular constriction 
Sci’crely hypertensive patients may have protein- 
free urines and m several of our cases moderate 
hypertensions without proteinuna were observed. 
When, however, the blood pressure was abruptly 
dnvcn up from whatever basal Iciel, proteinuna 
appeared. This ivas observed by us in a man 
who has had a hypertension of several years’ 
duration. In his case, voided unnes were used, 
and tlie vascular constnction was produced by 
having hnn walk about after a half hours rest 
The basal blood pressure was 150/110 after 
walking about it was 208/138 Meanwhile the 
unne, which wiis protein free m the rest penod, 
suddenly showed protein (4 mgm per cent), and 
tlie volume output fell by about 50 per cent The 
proteinuna which appeared was sbght, possibly 
because of the renal vascular sclerosis Such 
sclerosis is probable m this case since the urinary 
specific gravity is fixed at 1 010 Conceivably, 
in hypertension the capillanes are either not 
markedly anoxic or have become adjusted as 
judged by their permeability to the existmg de- 
gree of anoxia. When further constnction Is 
supenmposed with reduction in blood flow and 
oxygen supply, the pcrmeabihty becomes impaired 
and protem leakage ensues 

One possible cntiasm of the results may be 
mentioned here. Ureteral cathetemation, ra 
some subjects, causes a transitory protemuna (3) 
Smee such cathetenzabons were part of the rou- 
bne procedure, it should be emphasised that the 
patients were returned to bed after cathetensa- 
bon, and left there for at least 30 mrautes before 
beginnmg the test Furthermore, two control 
unne specimens were obtamed from each ureteral 
catheter before the cold stimulus was given 

SUMMARY AND CONCLUSIONS 

Forty-seven subjects were used in a study of 
the rekbon of proteinuna to vasospasm. The 


subjects were women ranging from the third 
month of pregnancy to the ninth month after 
dehvery Some had normal pregnanacs, some 
toxic. Some had a preexisting protemuna, others 
had not, some had demonstrable renal chsease, 
while the majonty had nob 
Unne was collected at short intervals from 
ureteral catheters, dunng which bme vasospasm 
was produced by immersing one hand m ice water 
for one minute. As a result of this procedure, 
the vascular constnebon ajipears and disappears 
within 120 seconds 

Twenty four pabents showed no mcrease m 
unnary protein excrebon following the cold sbm 
ulus With two excepbons, none of these had 
nses m blood pressure of more than 16/16 mm. 
Hg, that IS, vasospasm was sbghL These pa- 
bents are regarded as the control senes 

Twenty three pabents responded with an m 
creased excrebon of unnaiy protein unmechately 
following the cold sbraulus All of these subjects 
showed blood pressure nses of more than 16/16 
mm. Hg, that is, vasospasm was definitely pro- 
duced 

The increased protemuna of the second senes 
actually occurs, as shown ly the protem excrebon 
/creabnme excretion rabo This rabo mdicates 
that after vascular constnebon more protem es- 
cajies per imit of glomerular filtrabon Incom- 
plete coUcebons of unne volume would not vibate 
the conclusion drawn from this rabo 

The nght and left kidnq' usually reacted simi- 
larly In a few cases one kidnqr showed m- 
creased protemuna while the other did nob 
Changes m pulse pressure apparently do not 
mfluence the appearance of protemuna induced 
by the cold stimulus 

It 18 concluded from the promptness of re- 
acbon mdependence of venous return from the 
chilled hand, and from calculabons of the renal 
tubular volume capaaty, that the protemuna be- 
gins with the release of the vascular spasm. 

Wc are indebted to Dn. S A. Cosgrove, J F Norton 
and E. G Waters for tbeir pennlsston to use patients 
froen their services. Dr Cosgrove also read and critl 
cued the typesenpL Some of the nreteral catheriaatlons 
were done by Dr Dana Cox and Dr E. W CartwrigbL 
Most of the pabents giving marked blood pressure re- 
sponses to the cold pressor test were selected by Mrs. 
£ R. Chesley from her large cbnfc seriea. 
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In a study of the blood volume in normal hu- 
man beings (1) a relationship between the total 
arculatmg blood volume and the basal metabolic 
rate was observed In a group of 99 individuals 
the distribution of cases above and below the aver- 
age total blood volume was similar to tlie dis- 
tribution of basal metabolic rates above and be 
low average normal values, and the decline m 
total blood volume vnth advanang age was paral- 
lel to the decline in basal metabolic rate An in 
crease in total blood volume, the degree of which 
viris related to the seventy of the condition, was 
found m patients with congestive heart failure 
(2) in which it may be assumed that the oxygen 
carrying mechanism was melHcient in meeting the 
tissue oxygen requirement This observation sug- 
gested that the level of oxygen consumption might 
exert a considerable effect on the arcubting blood 
volume, and prompted us to undertake a study of 
the blood volume in hyperthyroidism and myxe- 
dema in which the metabohsm is severely dis 
turbed 

Previous studies have indicated that hyperthy- 
roidism IS characterized by an abnormally high 
(3, 4, 'S) and myxedema by an abnormally low 
arculatmg blood volume (6 7, 8) Chang (4), 
using the CO method, found no direct relationship 
between the degree of increase in basal metabolic 
rate and increase in blood volume but observed 
decreases in blood volume with clinical recovery 
in all his cases Goldbloom and Libm (5), using 
a d)e method found the increases above thar 
normal values in hyperthyroidism great enough 
to lead them to believe that determination of 
blood volume was of value in the differential 
diagnosis of hyperthyroidism Thompson (6) 
found the plasma volume about 30 per cent below 
normal in untreated cases of myxedema. On 
treatment with the return of the basal metabohe 
rate to normal, the plasma volume rose to within 
normal himts 


UATERIAI, AND METHODS 

Twenty females and S males with clinically proven 
hyperthyroidism were studied. The basal metabolic rate 
ivas more than 15 per cent above normal in all cases. In 
5 males and 10 females the changes in plasma and total 
blood volume were followed during the course of thcra 
peusis and determinations were made m all of these 
cases at intervals varying from 5 to Z2 days after sub- 
total thyroidectomy was performed. In 2 males and 4 
females blood volume was determined prc-opcrabvely 
after the admlmstration of Lugol s solution. 

Smgle blood volume determinations were made in 5 
females and 2 males with clinically proven myxedema. 
The basal metabolic rate was more than 15 per cent be- 
low normal m all cases One man with pernicious ane- 
mia developed myxedema dnring a relapse, and another 
man developed myxedema some time after subtotal 
thyroidectomy 

Basal metabolic rates were determined by the standard 
technique of Benedict and Roth (9) , plasma and total 
blood volume were determined by the direct method of 
Gibson and Evans (10) venous pressime was deter- 
mined by the direct method of Evans (11) and arcu- 
labon tune by the dechohn method of Wlntemitx, 
Deutsch, and BruII (12) 

KESDLTS 

Surface area rather than baght was taken as 
the basis for prediction of normal plasma and 
total blood volume masmuch as the basal meta- 
bobc rates were based upon surface area In 
almost every case tlie cluucal history revealed the 
loss of some waght pnor to admission to the 
hospital, and it is possible that the predicted vol- 
umes based upon surface area may represent 
values that were too high m some instances The 
actual total blood volumes detemuned in these 
cases may well represent, tlierefore, greater per- 
centage deviations from the normal volumes than 
mdicated 

The course of the basal metabohsm, plasma 
and total blood volume, hematoent, venous pres- 
sure and arculahon tune in 25 cases of hyper- 
thyroidism and m 7 cases of myxedema is shown 
in Table I 
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TABLE I 

AbsoIuSc pJasTTUi, cdl, end tolol Wood volume, normal total blood volume predicted from surface area, venous pressure, and circu- 
lation time in 25 cases of hyperthyroidism and 7 cases of myxedema 
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On tijTold mediation 

PosWo(»I thjrroldeetonjy 
Ptrnldons 

On thyroid HKdientlon 


In Figure 1 is shoioTi the distnbution of cases 
of h\'perth}TX)idism and mj'xedeina abo\e and be- 
]oi\ normal total blood \olume as predicted on the 
basis of surface area. It is eondent that in com- 
panson oonth the curve of distribution of total 
blood r-olumes in normals, the cases wth hj’per- 
th}TOidism form a group -with the \olumes def- 
imtcl} mcreased above normal, and that the cases 


with myxedema form a group wth definitely 
subnormal volumes Thus in the 25 cases of 
hj-perthyroidism 17 cases had a total blood vol- 
ume vhich ■vvas vathin plus or minus 10 per cent 
of predicted normal ralue, 8 were above 10 per 
cent above normal, while none were less than 10 
per cent below normal In the group of patients 
wath rajocedema only one case had a volume in 
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Total Blood Volume 

Fio. 1 The Distwbution oe the Pescentage or Cases Above and Below Piedicieb Nob 
UAL Total Blood Volume in 25 Cases or Hyeebihyboidism and 7 Cases or Myxedema Com 
TAkED TO THE Disteibutton ot THE Pebcektage or Cases Above and Below Aveeace Noimal 
Total Blood Volume in 99 Normal Humans 


excess of predicted normal value, only 2 cases 
fell within limits of plus or minus 10 per cent 
of normal, and 5 cases had volumes more than 
10 per cent below normal 
The percentage deviation from predicted nor 
mal total blood volume based on surface area is 
shown in relation to basal metabohc rate m Figure 
2 A direct relationship between deviation from 
predicted normal total blood volume and the levels 
of basal metabohc rate was observed Prior to 
treatment, the circulation time was below normal 
in all except one case of hyperthyroidism and 
above normal in all the cases of myxedema- 
Venous pressures were within the limits of nor 
mahty of the method employed m all cases in 
which the determination was made. The direct 
relationship between 'the speed of blood flow and 


basal metabohc rate reported by Blumgart, Car- 
gill, and GDligan (13) m hyperthyroidism was 
confirmed 

No significant relatioiiship between the percent- 
age deviation from predicted normal volume based 
on surface area and arculation time or venous 
pressure was observed. 

The change in the absolute total blood volume 
in S males and 10 females m relabon to change 
fn basal metabobc rate occurring during the coarse 
of therapy is shown m Figure 3 In all cases the 
basal metabolic rate was lower after operation, 
and in all except 1 case the total blood volume 
was less postoperabvely than it was at the mitial 
determination Reduction m total blood volume 
postoperatively ranged from S40 to 770 cc., or an 
average of 650 cc. in males, and from 100 to 900 
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Basal Metabolic Rate 

Fig 2 Percentage Deviatiok erom Norjial Total Blood Volume as Predicted on the Basis 


OF Surface Area in 25 Cases of Hyperthyroidism 
Metabolic Rate 

cc. or an average of 500 cc- in females In 1 
male and 3 females the total blood volume de- 
creased dunng the course of iodine administration 
The total blood volume determined postoperatively 
was higher than that folloiving iodine admims- 
trabon in 1 male and lower in 1 male and 1 female 
In 2 cases of mj'xedema, following the increase 
in basal metabohc rate resulting from thyroid 
therapy the total blood volume u-as unchanged in 
one and deiimtely increased m the other 

DISCUSSION 

Our findings are someuhat at vanance wnth 
those reported m the literature. Chang (4), us- 
ing the CO method, found an arerage increase 
over lus accepted normal value for total blood 


AND 7 Cases of Myxedema in Relation to Basal 

volume of about 17 per cent in 21 cases of hyper- 
thyroidism Goldbloom and Libin (5), employ- 
ing a modification of the dye method of Seyder- 
helm and Lampe, found the total blood volume 
increased by 50 per cent over normal in 9 cases 
mth hyperthyroidism The average increase 
over normal in our senes of 25 cases was only 
6 per cent Thompson (6) found the total blood 
volume to be about 25 per cent below normal in 
9 cases of myxedema The average in our group 
of 7 myxedematous patients was 15 per cent below 
normal 

In our opimon certain errors inherent in the 
earlier dye techniques, pnnapally those ansing 
from differences in the time required for the dye 
to become completely mixed m the blood stream 
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Fio. 3 Decseaie ih Total Bumd Votoue in HyrarBiromisu with Dtoease m Basal 
Metabouc Rat* roixowiNO Theiapy 

Dotted Iinej Indtate the chinge taking place nnder treatment with Lugola aolnhon only, 
solid lines indicate the change following snbtotal thyroidectomy 


in individuals with eDctremdy rapd or slow dr 
culation times (10) may be responsible for the 
discrepanaes in results obtained by the above 
authors and tliose obtamed in this study The 
higher values found by Chang (4) may be at- 
tributed to the faet that the CO method probably 
measures myohemoglobin in addition to arculat- 
ing OX) hemoglobin 

In both groups of patients in this senes there 
were considerable vanations in individual cases 
from the trend exhibited by the group as a whole, 
and therefore the determination of the blood 
volume has little, if any, practical value in the 
differential diagnosis of either hyperthyroidism 
or myxedema. Several factors account for these 
vanations In the determmation of basal meta- 
bohc rates, oxygen consumption can be deter- 
mined only within rather wide limits. It is com- 
mon knowledge that errors are more prone to be 


in the direction of too high rather than too low 
rates, and that the techmcal difficulhes of accu 
rate determinations increase with the seventy of 
the clinical condition of the patent In addition, 
as stated above, standards of normahty are at best 
arbitrary values when apphed to individuals and 
while the conclusions drawn from a sufficiently 
large group of cases may be valid, the findings m 
an individual case may not be m keeping with 
average trends 

Further evidence that m hyperthyroidism total 
blood volume determmed at the height of the rise 
m metabolism is mcreased over the level of the 
mdividual in a normal metabolic state may be ad- 
duced from the fact that m all cases successful 
treatment of the disorder, as evidenced by a re- 
duction m the metabohc rate, was accompamed by 
a prompt and considerable fall m the total blood 
volume. This reduction was greater than could 
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be accounted for by rest, or by the minor hemor- 
rhage inadent to operation The reduction oc- 
curring coincident with the lowenng of the meta- 
bolic rate was shared equally by plasma and red 
cell volume The percentage of reduction m red 
cell % olume occumng after therapy bears a linear 
relationship to the fall m metabolic rate as is 
shown m Figure 4 

In our opinion the total blood volume is defi- 
nitely related to the oxygen requirement as ex- 
pressed by the basal metabolic determination 
Other than an increase above normal require- 
ments in the total number of arculatmg red cells 
in hyperthyroidism and a decrease m myxedema, 
no explanation of the mechanism of the volume 


change charactensfac of these diseases has come 
to light 

None of these cases of hyperthyroidism had 
any evidence of ■v'alimlar diseases or hj-pertensne 
heart disease nor did they exhibit any of the 
physical signs of congestive heart failure The 
greatest increase in total blood volume above 
normal m this senes was 28 per cent and the 
average about 6 per cent In frank congestive 
failure the average increase in total blood volume 
above normal is 22 per cent (2) It would ap- 
pear that even in the presence of an increased 
cardiac burden, the mechanical disadvantage im- 
posed by the degree of hypervolemia experienced 
by these thyrotoxic patients was not enough to 



Percextace REDucnox trow IxmAL CtECOLATiNc Red Cell Volume Occurring after Therapt in 
H lTERTSVEOauSM IV RelATTOV TO THE ABSOLUTE DECREASE IV BASAL METABOUC RaTE 
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preapitate congestive heart failure. However, 
m the absence of known specific pathological 
changes m the thyroid heart (14, 15), the hyper 
%'olemui brought about by the increased oxygen 
requirement of this diseased state may offer some 
explanation as to the mechanism of congestive 
heart failure in cases of h}'pcrthyroidism 

CONCLUSIONS 

(1) In 25 cases of hyperth 3 T 0 idisnt the total 
blood volume ^va3 increased above normal on an 
a\'cnigc of 5 45 per cent, and IS 5 per cent below 
normal in 7 cases of m 3 rxedcma. 

(2) The dc\aation from normal in the un 
treated hj’pcrthj roid state bears a linear relation- 
ship to the OX) gen requirement as measured by 
the determination of the basal metabolic rate. 

(3) In h)T>crth)Toidism successful treatment 
IS accompanied by a decrease m red cell and total 
blood volume commensurate mth the lowering in 
basal metabohe rate. 

We Vkuh to express our thanks to Drs. H L. Bluragart 
and M D Altschule of the Beth Israel Hospital Boston 
for permusion to utiliie clmlcal nutcruL Miss Fvelyn 
Berstein ga\*c valuable technical assistance. 
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URINARY EXCRETION OF ANDROGENIC SUBSTANCES AFTER 
INTRA^njSCULAR AND ORAL ADMINISTRATION OF 
TESTOSTERONE PROPIONATE TO HUMANS^ 

By RALPH I DORFMAN and JAMES B HAMILTON 

(From the Adolescence Study I/wff the Lahoratory 0 / Physiological Chcmstry and the 
Deportment of Anatomy Yale UntversUy School of hfedtane New Haven) 

(RcceJred for poblKatioa September 12, 1938) 


The unnaty cxcrcUon of estrogens following 
administration of female sex hormones has been 
compared with the relief obtained from hot flushes 
and other phenomena accompanying the meno 
pause (1) and has been studied \Mth regard to 
the percentage of the administered matenal which 
appears m the unne (3 to 12 per cent) (2) 
Studies of the excretion of urinary androgens 
followng the treatment of patients with testo 
stcrone propionate arc reported below with re- 
gard to (a) the rapi6ty of the appearance and 
comparaU\c levels of excretion m oral and intra- 
muscular treatment, (b) the percentage of re 
covery m the unne of administered matenal, and 
(f) the evaluation of unnary levels of androgens 
as entena of ciTective levels of male hormone in 
the body 

METnODS, MATERIALS, AND SUBJECTS 

AH urine sample* were collected on a 24 hour basi* 
and extracted wdth benrene in a cootlmious extractor 
according to the method prcriously described (3) The 
assay* for androgenic activity contained in the urine 
extract* were performed on the day-old chick 1 comb 
(4) A mini mum of 15 and tmnlly 20 chick* were lucd 
for each assay The accuracy of the dctcnnlnations is 
consHicred to be ± 25 per cent and probably greater as 
ran be calculated from previous data (4) All values 
are ex p r e ss ed a* infematfooal units (JV ) pee 24 hours 
The international unit of androgenic activity li that 
evoked by 0.1 mgm. of androstcrone. 

The androgen used was testosterone propionate.* In 
tramuscular administration employed a standard dose 
of 20 mgm, dissolved in 1 cc. of peanut ofl smcc the 
amount and the type of oil influences the absorption (5) 
Injection* were made intrarauBCularly into the buttodc* 
or upper arms, 

» Thu investigation was aided in part 
the Fluid Research Fund of Yale University School^ 
Medlane, the General Education Board of the 
feller Foundation, and The International Cancer Research 
Foundauon. 

* Fomlihed through the courtesy of the Uba Company 
under the trade name Perandren. 


Crystalline testosterone propionate was g iven fee os 
in disc shaped tablet* 0.S cm, ra width OJ cm. In dlam 
etcr Tablets were taken on an empty stomach at spaced 
fntcr\'aU durmg waking hour* % hour before break 
fast, 1 hour before Innch 1 hour before dinner, and In 
the evening before retiring 

The subjects are 2 men with organic and functional 
evidence of dcBcicnt testicular secretion. Case 1 is a 
35 year-old roan who had lived until the age of 35 whh 
a single descended testis. He ha* a wife and 2 chddrcit 
Following surgical removal of the testis at the age of 
35 castration phenomena (6) mcludlng the following 
appeared atrophy of the genitalia muscular weakness 
and fatigue (7) absence of pemle erection (8, 9), pres 
cncc of vasomotor phencBnena such as may be found in 
women at the menopause, skin pallor, and inability to 
tan (10) Before androgenic administration, tbe level 
of output of male hormooe m 4 urine assay* cov eriD g 7 
day* taken from a period of weeks showed a dally 
average of 13i LU This b far below the leveb of 
androgen excretion of normal adult men (11 12, 3) 
Still farther evidence that If any abdominal testb were 
present it did not secrete large amounts of androgens 
was the negative chnical response obtained with 16 m 
jeetioDS of large amount* of anterior pituitary like sub- 
stance, 100 rat units (R.U ) given three times weekly 

Case 2 b a 27 year-old sexually tmd er develc^ied min, 
de*cribed in detail elsewhere (8) who exhibited a like 
condition save that the genitalia instead of undergoing 
atro^Ay had ocrer developed. The tettes did not rc 
epond to hijectioo* of 100 R.U of anterior prtmtary 
like materbl given 3 times weekly for 9 weeks, 

RESULTS 

A Introinuscular admtntstraiion Intramuscu- 
lar injections of 20 mgm of testosterone pro 
pionate were given daily to Case 1 for 30 succes- 
sive days The resultant mcreased excretion of 
urmary androgens is shown m Table I The 
average daily output pnor to injections was 13 5 
I U By the 3d day of mjection, the output was 
50 I U at which time some of the climeal symp- 
toms of androgen deficiency remained, particularly 
the vasomotor phenomena. This is perhaps cor- 
related with the fact that the longer the penod 
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TABLE 1 


Unnary androgeric actmly brfon, dunrg, arid after tnlra- 
rrvscular tnjeciions of lesiasterore propionate* 


Dar of trcatmeat 

Day after 
cesratlon of 
trcaunent 

Urfiiaiy 
and rose nfc 
activity 

0 


/ U per day 

7 

0 


21 

3 


50 

4 


93 

5,6 


47 

9. 10 


78 

12, 13, 25, 26, 27 


68 

30 


94 


8.9 

38 


30 

13 


37 

13 


* Intramuscular mjections of 20 mgm of testosterone 
propionate (equivalent to IlIO I U ) in 1 cc of peanut oil 
svere given Ckse 1 daily for 30 successive days The 
unnary output of comb epnwth-stimulating matenals 
leached the levels of normal men the 3d day of inj^ion 
^nd remained so dunng the 30 days of treatment Thirty 
Jays after the end of injections, the amount in the unne 
was again doivn to a pre-injection level Castration signs 
lisappeared dunng this treatment 

pf androgen injection the greater the suppression 
pf pituitary hyperactivity (13) 

This lugh level of androgen excretion was main- 
tained throughout the penod of treatment, as 
shown by assays of 11 out of the 16 remaimng 
da 3 S of injection The average daily output of 
12 days, ranging from the 3d to the 30th day was 
68 9 I U , an increase of 510 per cent In all 
determinations this level remained within the 
range of 40 to 100 I U which is the range for 
normal men as determined by several groups of 
workers (11, 12, 3) After the first few days 
castration sjmptoms remained absent throughout 
the course of treatment. Thus, with the mtra- 
muscular mjections which maintained normal 
ranges of unnary' androgens, the patient re- 
mamed sjmptom-free. 

Eight to 9 days after the cessation of injec- 
tions, the daily output was stiU 38 I U Although 
this was an increase of 281 per cent over the cas- 
trate lev'el and can hardly be considered lower 
than normal levels, castration signs were again 
of considerable seventy 

Determinations done 30 and 37 days respec- 
tively after the end of treatment showed 13 I U , 
a return to low pre-injection levels 


B Oral admunsiratwn Daily oral administia- 
bon of 60 mgm of testosterone propionate was 
gven to Case 1 An immediate high level of 
unnary androgen was obtained A 24-hour spca- 
men between tlie 36th and 60th hour after in- 
gestion of the first tablet contained 137 I U , an 
increase of 124 5 I U ovar the pre-treatment level 
of daily excrebon (Table II) This increase of 

TABLE n 


Unnary androgentc activity before and dunng oral ad- 
ministration * 



Case 

Day of treatinent 

Urinary 

androscnic 

activity 




I O f tr day 


1 

0 

7 



0 

21 



0 

13 



0 

13 



3 

137 



22 

500 


2 

0 

14 



0 

18 



2 

38 



7, 9, 11, 12 

94 



14 

264 


*Oral administration of 60 mOT of testosterone pro- 
pionate (equivalent to 3330 I U ) in tablet form was given 
Case 1 daily for 15 days folloned by 120 mgm (equivalent 
to 6660 I U ) daily for the next 7 days Case 2 received 60 
mgm of testosterone propionate daily for 14 days The 
unnary androgenic activity far exceeded the levels for 
normal men, but the patients were only slightly relieved 
of castration phenomena 

922 per cent in unnary androgen acbvity was 
accompanied by slight, if any, clinical improve- 
ment The amount ingested was then raised to 
120 mgm of testosterone propionate daily and 
after 3 days the daily androgen excrebon was 
500 I U , an increase of 3703 per cent over the 
pre-treatment level (3astrabon qnnptoms sbll 
conbnued 

Case 2 had an average unnary output of 16 
I U before oral adimmstrabon was begun By 
the 2d day of daily oral administrabon of 60 
mgm of testosterone propionate, 38 I U were 
excreted in a 24-hour speamen of unne (Table 
II) Pooled samples for the 7th, 9th, 11th and 
12th days of treabnent gave an average of 94 
I U By the 14th day 264 I U were excreted, 
an increase of 1560 per cent over the level before 
treatment A moderate amount of clinical relief 
occurred but it was not equal to that obtained 
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1/6 of this dose given subcutaneously in 
injections of 20 mgm 3 times weekly 
If the samples assa>ed could be considered 
representative, a very rough estimate m Case 1 
of the percentage of recovery in the unne of comb 
grov-ih stimulating matenol with doily subcu- 
taneous injections might be made as in Table III 

TABLE in 


Percentage ef administered androg^ic maierial recovered tn 
the unne 



Awitc 

orirmy 
udroceti 
(b 24 boun 

Tout 

Day* 1 to 10 of trtatmtnt 

Da>*s 11 to 30 of treatment 

Da>*» 1 to 15 after treatment 

lU 

67 00 

72.33 

3800 

IV 

670 

1446 

570 

Total excretion 


2686 

Total excretion csroected over these 45 da>'» without 
treatment (at 13 Ji I U dallj) 

607 

Net excretion 


2079 


The 600 ragm of adfflinhtered tcrtostcrotie propionate a 
equivalent to 502 mem of testosterone 
If urinary andropm is testosterone 

Since 1 1 U of testosterone — 0 OIS mpnt. (</ Koch (IT)) 
then 2079 I U (net excretion) • 31 190 mpn 

Percentage iwnrrj ■ X 100 — 6 J per cent 

If urinary ondroffcn is anditwteronc: 

Since 1 1 U of androsterone «• 0 100 mgra 
then 2079 I U (net excretion) 207J>00 ragra 

Percentage recovery — ^ 100 *“41 4j>ercent 

If urinary androgen is dchydroisoandrosterone 

Since 1 1 U of dehj*droisoandpostcrone — OJOO mgin 
then 2079 I U (net excretion) • 623 700 mgm. 

Percentage recovery- ^ 124.2 percent 

If unnary androgens are an equal mixture of dchydrolso- 
androsteronc and androsterone 

Percenuge rccDvoy - X KM - 62 < percent 


If the androgcmcally active matenal is excreted 
in the form of testosteronCi the percentage of 
recoveiy is 62 If it is excreted as androsterone 
the recovery is 41 4 per cent, as dchydroisoandro- 
sterone 124 0 per cent and as equal mixtures of 
androsterone and dehydroisoandrosterone 62 4 per 
cent 

The possibdity that aU of the testosterone pro 
pionate 13 converted mto dehydroisoandrosterone 


IS unhTely since, as shown in Table HI, this would 
mean an excretion of more material than was 
administered. 

There is no proof that the pre treatment level 
of male hormone secretion by the body was main- 
tained during the injection of the testosterone 
propionate, espeaally since this intramuscular ad 
ministration of androgen greatly decreased the 
unnary level of gonadotropic (folhcle stimulat- 
ing) substance m this patient (14) If none of 
the excreted androgen were of endogenous ongin, 
more of the amount excreted would he consid- 
ered as recovered from the admmistered hormone. 
This would maJee estimates of the amount re- 
covered as much ns higher 

MSCtlSSlON 

Even if the figures for recovered hormone are 
no higher than hsted, there remain the obvious 
facts that (1) daily intramuscular injecbons of 
20 mgra of testosterone propionate maintamed 
excretion levels at approximately those determined 
for normal men and that castration symptoms dis- 
appeared during this treatment, and (2) orally- 
admimstered crystalline testosterone propionate 
was readily absorbed from the gastro-mtestinal 
tract and ehminated in large amounts through 
the kidneys , since, however, no satisfactory chm- 
cal relief was afforded even when absorphon was 
contmued dunng 16 hours of the day, it seems 
likely that the material was eliminated with great 
rapidity The figures indicate that increasing the 
oral dose of oystaUme testosterone propionate 
can be expected to result in only exceedingly bnef 
levels of hormone m the fluids and tissues of the 
body In the maintenance of effective levels m 
the body by oral means there must be a balance 
between slow absorption to avoid prompt elimina 
bon by the kidneys and ready absorpbon to pre 
vent waste in the feces. Furthermore, damage 
(IS, 16) from large doses of male hormone may 
be meurred, espeaally m the kidney and the vas- 
cular system. 

The transient presence of orally administered 
testosterone propionate withm the body and the 
rapid appearance of large quanbUes of androgenic 
matenal m the unne raise the quesbon of thresh- 
old levels It may be that when a certain thresh- 
old IS reached, the honnone above this level is 
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excreted in the unne In this connection it is 
interesting to note that in adrenal \nnlism in 
\\omcn, enormous titers of androgen acti\*it}’ in 
tlic unne maj be observed, but the mascuhniza- 
tion docs not proceed bejond that of tlie normal 
male 

The unnan, level of androgen is an accurate 
reflection of the level in the tissues and fluids of 
the bodv only when the supplj in arculation is 
at a maintained rate Temporarj’’ presence of a 
large amount in tlie bod} would produce a large 
unnar} excretion In other words, evaluation of 
levels of androgens in the body by companson of 
one unne titer wnth another would be misleading 
if the androgen precursors were not present over 
the same general length of time Further, meas- 
urements of unnar} androgenic activnty should 
be expected to account only wnth inaccuracy if 
‘here were great vanations in the amount present 
a the bod} dunng this time. 

If the androgens secreted by the body were 
rom the testes and in the form of testosterone 
.nd had a percentage of recovery m the unne 
ike that from intramuscular injections in Case 1, 
here would be secreted in 25 gram testes of a 
nan, 22 I U per gram every 24 hours 

SUMMAR-i 

1 In the patient with low levels of testicular 
secretion both intramuscular and oral admirastra- 
Pon of testosterone propionate produce an in- 
crease in the androgenic activity of tlie unne 

2 With intramuscular injecbons of 20 mgm 
dail} , Case 1 show cd an increase in output to nor- 
mal levels and clinically a disappearance of cas- 
tration phenomena A 24-hour titer of 50 I U 
was obtained on the 3d day of admimstraPon 
The average of 6 assa}s covenng 12 of the 30 
da}s of injecPon was 685 I U , wnth a range 
from 47 to 94 I U 

3 Tablets per os of 60 to 120 mgm dail} gave 
24-hour unne readings as high as 500 I U in 
Case 1 , and 264 I U in Case 2 These large 
excretions w ere not accompanied by as good clin- 
ical relief as obtained with Yc to the amount 
taken intramuscular!} and wnth lesser androgenic 
actmtv of the unne. 

4 Ab-orption of the large amounts of androgen 
can tal e place through the gastro-intestmal tract 


wnth what appears to be rapid elimination through 
the kidneys It is suggested that there may be a 
threshold for the substance in the body and tliat 
rapid disposiPon is made of an excess Oral 
means of administration should be considered 
from the standpoint of matenal lost not only 
through the feces but also excreted in the unne 

5 Unne assays as an indication of the presence 
of hormone in the body may be misleading if the 
hormone in the body is present only irregularly 
For example, enormous quanPties of unnary an- 
drogen were found with an oral method that ap- 
peared to give only transient levels in the body 

6 A rough estimahon of the percentage of the 
androgenic matenal recovered in the unne is 62 
per cent, if it be in the form of testosterone, 41 4 
per cent if androsterone, 62 4 per cent if an equal 
mixture of androsterone and dchydroisoandro- 
sterone 
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THE RATE OF FILTRATION THROUGH THE CAPILLARY WALLS 
AS MEASURED BY 'THE PRESSURE PLETHYSMOGRAPH OB- 
SERVATIONS ON CONTROL SUBJECTS AND ON PATIENTS 
WITH INTRAHEPATIC DISEASE, THYROTOXICOSIS, 

AND MYXEDEMA 

By BENJAMIN V WHITE' and CHESTER M. JONES 
(From the ifedtcal Clinic of the ifasjachusetU General Hospital and the Department of 
ifedtctne of the Harvard Medical School Boston) 

(Recoved lor publldUon September 16 1938) 

The frequent occurrence of telangiectasis ec- made determinations m patients with the nephrosis 
chymoses, bleeding tendenaes, asates, and penph- syndrome and with hepatic insuffiaency, m both 
eral edema in the various types of intrahepatlc of which conditions the serum proteins were de 
disease suggested the value of a study of the pleted Hence the pressure in the cuff which oc- 
pcrmeability of the capillancs in sucli subjects eluded the venous outflow was not set at an 
The traumatic methods of estimating capillary arbitrary absolute figure but was regulated so as 
permeabihty (1, 2, 3) appeared to show a too to be greater by a constant amount than the col- 
wide range of normal values The dye injection loid osmotic pressure of the serum The colloid 
method (4) was not available for human use. osmotic pressure was measured directly by the 
The use of the plethysmograph was therefore use of the osmometer of Vemey (8) 
elected It was desired to obtain evidence, if Starhng (9) showed that the colloid osmotic 
possible, as to whether peripheral edema in par- pressure of the human serum uas roughly pro- 
ticular, m serious hepatic disease, resulted m part portional to the concentration of protein which 
from increased capillary permeabihty it contained Govaerts (10) subsequently con- 

Landis and Gibbon (5) modified the pressure eluded that one gram per cent of serum albumm 
plethj’smograph of Krogh Landis, and Turner exerted a colloid osmotic pressure of 754 cm 
(6) so as to eliminate errors caused by differences H,0 while one gram per cent of serum globuhn 
in the degree of contraction of blood vessels dur- exerted a colloid osmotic pressure of 15S cm 
ing the volumetric readings. This they accom H,0 Although some justified cntiasm of these 
phshed hy exertmg a pressure of 200 mm Hg figures has appeared, Wies and Peters (11) made 
upon the fluid m the plethysmograph dunng the an empincal study of human sera which tended 
reading penods Such a pressure was adequate to confirm the validity of estimates of colloid os 
to compress the entire vascular tree and to record mohe pressure based on the concentrations of 
with a moderate degree of accuracy small changes different protein fractions Wies and Peters 
in the amount of interstitial fluid Readings of found that estimates based upon the total protein 
reduced arm volume (under pressure of 200 mm alone were less accurate than those based upon al- 
Hg) ivere made before and after obstruction to bumin and globuhn separately They found, 
the venous outflow from the arm, and the rate of however, that estiinates of colloid osmotic pres- 
flmd filtered was calculated from the increase in sure based upon speafic factors for albunun 
reduced arm volume and the volume of the arm and globuhn were mclined to be low for protein 
whieh had actually been in the plethysmograph levels m the higher range of normal Hence 
Landis and Gibbon s studies were confined to they prepared a formula from whidi they found 
two normal male subjects so that the filtration that more accurate estimations could be made, 
rate was not compheated by depleted serum pro (See Method ) 

tein and low colloid osmotic pressure Smirk (7) In this study a combination of the methods of 
also approached the problem of capillary permea- Landis and Gibbon and of Smirk was employed, 
bility by the measurement of changes m arm vol- The pressure plethysmograph was used, but the 
ume before and after venous obstruction. He obstructing venous pressure was m every case 
'Jeffrey Riclurdioii Fellow— Harvard Medical School greater by a constant amount than the colloid 
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osmotic p'cssurc ot the scrum The collo cl os- 
motic p'cssurc of the scrum %\tis c'timateci from 
tnc concentrations of serum nlbumin anci scrum 
piohuhn L\ the use of the formula of Wics and 
Peters to be desenbed below 
Studies V ere made on a group of normal con- 
trols hrgcK recruited from }oung doctors, tcch- 
n:aan'=, and sctcrctancs about the hospital, and on 
a group of patients wnth severe Incr disease 
This latter group included patients wnth se\crc 
eccondatj biliarj arrhosis, some of whom were 
observed both before and after surgical relief of 
the obstruction, patients wnth toMc arrhosis 
(Lacnnccs cirrhosis), and one patient wnth sub- 
acute jellow atrophj Manj of these persons 
had frank ctndence of penphcral edema, asates, 
ccclumioses, telangiectasis or bleeding tendenacs 


Ob'ciw-ations were aPo made on a senes of ciitht 
patients wnth frank h\-perth\ roiclism, at the time 
ot admission to the hospital, after the effect of 
iodine thcrap}, and one month or more post- 
operatueh A senes of three patients with m)x- 
cdema was studied both before and after thyroid 
thcrap} Isolated obsciwations were made on one 
patient wnth acute ncphntis with edema (Subject 
35), on one patient with urticana (Subject 36) 
dunng a menstrual period and between menstrual 
penods, and on one patient wnth peptic ulcer 
(Subject 37) This last patient was studied 
twnce, once when his blood \ntamin C le\el was 
01 mgm per cent and subsequent!} when it had 
been derated b} intra\cnous thcrap} to 0 7 mgm 
per cent These three patients arc included with 
the control group in Figure 1 
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METHOD 

The operation of the pressure ptethyamograph hat been 
adeqoatdy described by Landis and Gibbon (5) 

Repeated detcmutiations of the reduced arm voluinc 
were made at 10 minute intervali until snccctsiyc de- 
tcrralnatioos checked within 1 cm. A cuff which had 
been placed upon the upper arm was then inflated for a 
period of 10 minutes at a pressure which would raise 
the hydrostatic pressure of the vans within the plethya 
mograph to a pomt exactly 20 cm. H^O above the colloid 
osmotic pressure of the sennn The method of calcu 
latmg the cuff pressure is described below 

After the KLralnute period of venous congestion, a 
final determination of reduced arm Tolume was made. 
The difference between this final dctennioatlcm and the 
last determination previous to inflation of the cuff repre- 
sented the actual amount of fluid which had filtered 
through the capillary waits. If divided by the number 
of cubic centimeters of arm volume in the plcthys- 
mograph, it represented the fracbem of a cubic centi 
meter filtered per cubic centimeter of arm In 10 romutes 
To conform with the system of recording used by Landis 
and Gibbon, the decimal point was moved one space to 
the right so as to represent the amount of fluid filtered 
per 100 cc of arm in one mmute. This figure was used 
throughout the lUustratioas. 

With two exceptions ad readings were checked by 
foccessivt detenninatious on both arms In most m 
stances the readings of the two anus were moderately 
dose, considering the sources of error imposed by the 
technique. In several instances the two anus did not 
check. la those cases the arm which was presumed to 
be wrong was rcstudicd subsequently If it then checked 
with the expected reading, no farther study was made. 
If ft faffed to check, the first arm was also repeated. In 
the case of Patient 29 with thyrotoxicosis there was a 
wide discrepancy between the readmga of the two arms. 
In this instance, before operation, the left arm was 
studied three tunes and the right arm twice. The checks 
In this case were moderately close and always showed 
the left arm to have a much lower rate than the right 
The rates of the two arras were, however usually mod 
crately dose and served as a check on the technique. 

The methods followed m this study arc Identical with 
those of T.jndn and Gibbon except in the following 
details 

1 Ttmptrature Observations were made m a room 
which was maratained at almost constant temperature 
throughout each determination. Fluctuations of more 
than 1 C were unusuaL Landis and Gibbon found that 
fluctuations m room temperature affected thdr results 
but httle. The plcthysmograpli temperature was main 
tamed between 345* and 355 C throughout all readings 
Landis and Gibbon found the rate of filtration to vary 
proportionatdy with the temperature of the plcthys 
mograph, the filtration rate at 45 C beiog roughly twice 
that observed at IS For the purposes of this study 35 
C. was chosen because It was easy to maintain and was 
most comfortable for the patient. 


2 PrrssHre tn the venoue cuff Inasmuch as the fore 
arm was m a vertical position, the cuff about the brachium 
was lower than the plethysmograph by a considerable 
distance. In order to maintain the desired hydrostatic 
pr«sure within the veins of the forearm It was necessary 
to add to the pressure within the cuff enough additional 
pressure to offset the elevation of the plet hysm ograph. 
Landis and Gibbon added a number of centimeters of 
water equal to the distance from the core of the brachnim 
to the top of the plethysmograph For convenience the 
same points of reference were used m this study The 
number of centimeters added for this purjiose varied 
from 19 to 22. In Tables I II and III this hydrostatic 
factor is omitted and only the effective pressure within 
the plethysmograph is recorded. 

In order to produce filtration Smirk (7) added 20 cm. 
H,0 to the colloid osmotic pressure of the scrum. Since 
the arm was m the honrootal position the hydrostatic 
factor was not added. In the present study the hydro- 
static factor (usually 20 to 22) was added to the constant 
factor (20) and the sum of these two was added to the 
colloid osmotic pressure of the scrum. 

The colloid osmotic pressure of the scrum was calcu 
lated from the fifth formula of Wlea and Peters 

COP = -d/IF X 60 9 + CyW X 22.9 — SO 

where equals the concentration of albumin In the 
water of the serum in grams per liter and G/IV equals 

TABLE I 

Expenmtntcl dcla on c^niroJ svl^edt 
The effective venous pressure in each mstanoB was 20 
cm above the colloid osmotic pressure of the serum The 
cuff pressure actually applied because of the vertical posi 
tion of the plethyimograph, exceeded this figure by 19 to 
24 cm H|0 
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withjn the plethysmograph were identical for the 
two arms However, the volume of each arm 
and the increase m reduced arm volume of each 
arm are recorded separately, so that the accuracy 
of the checks from one arm to the other may 
readily be observed. The final filtration rates 
are recorded separately for each arm both in 
Tables I, II, and III and m Figures 1 and 2 where 
they are represented in purely graphic form 
In Figure 1 are recorded the observations upon 
the control group and the group of patients with 
hver disease. Included m the control group are 
three patients with non hepatic diseases The 
diagnoses of the pabenta suffenng from diseases 
of the hver are noted in Table II Both groups 
were partitioned on the basis of sex and this 
differentiation is shown in Figure 1 from a study 
of which it IS apparent that the observed rate 


of filtration was higher m the females than m 
the males The hmits of normal observed in the 
control groups were not exceeded m the hver 
disease groups In fact, the upper and lower 
hmits observed m female controls and female 
pahents with hver disease were almost identical, 
as were those observed m the male groups 
At 35° C the rates m all subjects waned from 
0 092 to 0200 cc. per 100 cc. of arm volume m 1 
minute. In two healthy adults (males) at a 
plethysmograph temperature between 34 0° and 
35 0 C and at an effective venous pressure of 
50 cm H,0, Landis and Gibbon found the filtra- 
tion rate to vary from 0 114 to 0 153 with a mean 
of 0128 This figure corresponds closely with 
the mean figures obtained m this study in male 
control subjects and male patients with hver dis- 
ease (0 125 and 0 121 respectively) 



Fig 2. Ratxb or Fn-TBAnon nr Vamous THrxAPEimc Stacis or Thyrotoxicosis Aim Myxhjima 
Brolcen lines connect ngbt arm readings, solid lines ccaincct leit arm readmgs. Note that in thyrotoxicosis 
there arc wide flnctuations in the rate of filtratioa whh a tendency to a reduction In rate after opcratrYC treat 
menL In myxedema there is a sharp increase in rate after thyroid therapy 
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(15), by the technique of companng the number 
of capillary tufts m an area of skm with the num- 
ber observed in the same area after the nearby 
mjection of histamine, concluded that m thyro- 
toxicosis the capillary bed was widely dilated. 
Shaw (16) measured the rate of blood flow m 
the arm in thyrotoxicosis by the use of the 
plethysmograph of Freeman, Shaw, and Snyder 
(17) Shaw made observations on patients with 
thyrotoxicosis before operation, after preparation 
ivith iodine, and one month or more followmg 
operation He found m the majonty of cases 
that the blood flow ivas most rapid dunng the 
toxic process, became less so folloiving the ad- 
ministration of lodme and still less so after opera- 
tion However, as m the case of the rate of flow 
through the capillary walls, he found several 
notable exceptions m which the rate of blood flow 
increased following the administration of lodme. 
These observations roughly coinaded wth the 
changes which were noted m the rate of filtration 
through the capillary rvalls It may he that the 
changes m filtration rate are directly dependent 
upon the degree of dilation of the capillary bed 
dunng the penod of filtration Wide dilation of 
the capillary bed produces an mcrease m the 
available surface of capillary endothehum and it 
may be that the increase m filtration rate observed 
m hyperthyroidism is dependent upon this factor 
rather than upon a specific change in the pennea 
bility of the capillaiy endothelium This ques- 
tion cannot be answered by the pressure plethys 
mograph alone. 

With regard to patients with myxedema at 
least two more uncontrolled factors are mvolved. 
After the myxedematous patients had been 
treated, their arm volumes became much smaller 
than previously, presumably because of dimmu 
tion in the amount of edema. Landis and Gibbon 
showed that the rate of filtration depended m 
part upon tissue resistance. They showed that 
the presence of large amounts of tissue fluid 
slowed down the rate of filtration. Hence the 
slow rate of myxedema may be m part owing to 
mcreased tissue resistance from the visad myxe- 
dema flmd. Another uncontrolled factor is the 
possibihty of sudden changes m the level of 
serum albumm or globulm The total profem 
level of patients with climcal myxedema was ex- 
tremely high, and a high obstructing venous 


pressure was applied to ofliset iL Unfortunately, 
the protem levels were not repeated after treat- 
ment, so that sudden falls in protein levels might 
have resulted m the use of an unjustifiably high 
obstructmg venous pressure, 

WTiatever the underlymg mechamsm, there 
were very dramatic changes m the rate of filtra- 
tion through the capillary walla of patients with 
hyperthyroidism and with myxedema at different 
basal metabolic levels The close parallelism of 
the readings of the nght and left arms confirms 
the sigmficance of these changes 

CONCLUSIONS 

1 In given mdividuals, repeated determina- 
tions of the rate of flow of fluid through the 
capillary walls could be checked with a reasonable 
degree of accuracy The method is, therefore, 
readily applicable to studies where changes asso- 
ciated woth other physiological variations in the 
same person are important 

2 At 35° C the range of readings observed in 
normal controls was very wide and was not sig- 
nificantly exceeded m any of the pathological 
states studied. 

3 The rates of filtration observed in patients 
with three different types of mtrahepatic disease 
fell within the normal hrrats for their respective 
sexes It 13 reasonable to conclude that abnormal 
accumulations of fluid m the tissue and serous 
cavities m hver disease is in no way dependent 
on alterations m capillary permeahihty 

4 Metabolic changes grossly affected the rate 
of flow of fluid through the capillary walls 
Vanous mechanisms which may explain this 
phenomenon are discussed. The factor of oxygen 
consumption should be controlled in subsequent 
studies 
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It IS well established that the platelets play aa 
important r61e m blood coagulation (1) When 
exposed by bleeding they exhibit a characteristic 
phj^cochcmical behavior (swellmg, agglutma 
bon, cxcrcsence formabon, and parbal disrupbon 
(2)) rescmblmg osmobc phenomena of phospho- 
lipids, eg myelin figure formabon (3) In ad- 
dibon to scr\nng physically in fibnn formabon 
and dot rctracbon (2 4), the platelets may 
liberate dot aiding substances (5) There is 
some debate as to the exact nature of the factors 
liberated by platdet disint^rabon There can 
be no doubt as to a thermostable thromboplastic 
agent which has been idenbfied with cephalm 
(S, 6 7, 8) , it IS qucsbonable whetlier there is, 
in addibon, a coagulant factor, either of pro- 
thrombin bke (1 8) or different (5, 9) nature. 

For a dearer definition of the modus operandt 
of platelets in blood coagulabon, the present study 
has been focused upon their hpid composibon m 
normal human blood and certain dyscrasias of 
blood coagulation in which platdet anomalies ap- 
pear, namdy, hemophilia and thrombopenic pur- 
pura. The data furthermore, may contribute 
informabon concemrag the genealogical rdation 
ship of platdets to other formed dements of the 
blood as wdl as to cdlular structure in general 

The chemical studies of the platdets have m 
duded total hpid, free cholesterol cholesterol 
esters, neutral fat, total phospholoid, cephahn, 
and mtrogen. 

METHODS 

Postabsorptlve blood samples (usually 50 cc.) were 
drawn from tbe arm vdn into a synngc containing 10 
cc. of chilled anticoagulant solotioci. Tbe blood was de- 
livered mto ice-cold flasks and adjusted to twice the 
origmal volume by addmg anticoagulant solution. 

Upon tbe first three pooled samples collected, a 10 
per cent loditnn dtratc solution was employed as tbe 

1 Presented before the American Society of Biological 
Chemists 32d Annual Meeting Baltimore, March 31 
1938 J BioL Chem., 1938, 123, xxxk 


platelet presenrative. A sodium metaphosphate solution 
(2J) per cent sodium metaphosphate • LO per cent sodium 
chloride, and 02 per cent dextrose) proved more satis 
factory (10) and was used for the later samples 

A suspension of intact platelets, virtually free of red 
and white blood cells was prepared by slow speed, dlf 
fercntial ctntrifugaUon. The diluted blood was centn 
fnged in chilled, 15 cc., conical tabes for 10 minutes at 
800 r pjn. The diluted plasma cootaming some red and 
white cells was removed, placed in chilled tubes and 
centrifuged again at low speed (800 r pun.) for five 
nnnules. By this time the platelet suspension could be 
decanted, leaving a small sediment of red and white cells 
The ccntnfogatlons for S minute pcriodi, and decantation 
into clean, chilled tubes was repeated 10 to 15 times 
until no visible red cell sediment was thrown down. 

A microscopic examination was made at this pomt to 
assure the absence of ccntamioating red and white blood 
cells. The platelets at this stage, were intact, as indl 
caied by the absence of dampmg or gross changes in 
their appearance. 

High speed centrifugation (2,000 rp.m. for two hours) 
of the suspension enabled separation of the platelets as 
a white sedimenL This pr^pitate was washed twice 
with chilled anticoagulant solution (diluted 1 2) by 
shaking and recentrifugation, and then dried ih vacuo 
at low temperatures. 

About 10 mgm. of dried platelet material were secured 
from each individual 50 cc. sample of blood. At least 
five judividual platelet preparations were pooled for each 
nitrogen and hpid distribntioa analysis by tbe micro- 
gasometne methods of Van Slyke, et aJ (11 12) 

CHIMICAl. lUTHOOS 

The hplds were extracted from the pooled, dried plate- 
let samples by heating under a reflux, on the water 
bath, with a 3 1 alcohol-ether mixture. The alcohol 
ether ext r act s were evapor a ted tn vacuo bekw SO C 
fn an atmosphere of nitrogen (13) The residue was 
extracted with petroleum ether and total carbon and 
phosphorus detcrrainatioos were made upon this extract 
by the micro-gasomctric combustion pnxxdurcs (12 14) 
The phospholipids were preapHated from tbe petroleum 
ether extract according to the method of Bloor (15) 
and redissolvcd in moist ethyl ether The phospholipids 
In this solution were determined upon aliquot portions 

* A tpeaal grade of sodium metapbosphate (a soluble 
polymer) can be obtained from Howe and Trench 
Company Boston. 
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It IS well established that the platelets play an 
important role in blood coagulation (1) When 
exposed by bleedmg they exhibit a charactensbc 
physicochemical behavior (s\velUng agglutina 
tion, excresence formation and partial disruption 
(2)) resembling osmotic phenomena of phospho 
hpids, eg, myehn figure formation (3) In ad 
dition to serving physically m fibnn formation 
and clot retraction (2, 4), the platelets may 
hTjerate clot aiding substances (5) There is 
some debate as to the exact nature of the factors 
liberated by platelet disintegration There can 
be no doubt as to a thermostable thromboplastic 
agent which has been identified with cephalm 
(5, 6, 7, 8) , it Is questionable whether there is 
m addition a coagulant factor, either of pro- 
thrombm like (1, 8) or different (5, 9) nature 
For a clearer definition of the modus operatuit 
of platelets m blood coagulation, the present study 
has been focused upon their lipid composition m 
normal human blood and certain dyscrasias of 
blood coagulation m which platelet anoraahes ap- 
pear, namely hemophiha and throrabopenlc pur- 
pura. The data furthermore, may contribute 
mformafaon concermng the genealogical relation 
ship of platelets to other formed elements of the 
blood as well as to cellular structure in general 
The chemical studies of the platelets have m 
eluded total lipid, free cholesterol, cholesterol 
esters, neutral fat, total phospholoid cephahn, 
and mtrogen 

HBTHCmS 

PostabsorptiTe blood Munplea (osoally 50 cc.) were 
drawn from the arm vem into a lyringc containing 10 
cc of chilled anticoagulant solution. The blood was de- 
Irvercd mto ice-cold and adjusted to twice the 

original volume by addmg anticoagulant solution. 

Upon the first three pooled samples collected, a 10 
per cent sodium atrate solution was employed as the 


platelet preservative A sodium metaphosphate solution 
(2 0 per cent sodium metaphosphate * 1 0 per cent sodium 
chloride and 02 per cent dextrose) proved more satis 
factory (10) and was used for the later samples, 

A suspension of intact platelets virtually free of red 
and white blood cells was prepared by slow speed, dif 
ferential centnfugation. The diluted blood was centn 
fuged in chilled, 15 cc, conical tubes for 10 minutes at 
800 r pjn. The diluted plasma containing some red and 
white celts was removed, placed in chilled tubes and 
centrifuged again at low speed (800 rpjn.) for five 
minutes. By this time the platelet suspension could be 
decanted, leaving a small sediment of red and white cells. 
The centrifugations for 5 mmutc periods and decantation 
into clean, chilled tubes was repeated 10 to 15 times 
until no visible red cell sediment was thrown down, 

A microscopic examination was made at this point to 
assure the absence of contaminating red and white blood 
ceiU. The platelets, at this stage, were intact, as indi 
cated by the absence of dumping or gross changes m 
their appearance 

High-speed centrifugation (2 000 r p m. for two hours) 
of the suspension enabled leparatioo of the platelets as 
a white sedimenL This preaprtate was washed twice 
with chilled anticoagulant solution (dHuted 1 2) by 
shaking and recentnfngatKn, and then dried ih vacuo 
at low temperatures 

About 10 mgni- of dned platdet material were secured 
from each individual 50 cc, sample of blood. At least 
five individual platelet preparations were pooled for each 
mtrogen and lipid distributioa analysis by the mlcro- 
gasometric metlwds of Van Slyke, et al (11 12) 

CHZUICAZ. STETBODS 

The lipids were extracted from the pooled, dned plate- 
let samples by heating tmder a refiux, on the water 
bath, with a 3 1 alcohol-ether mixture. TTie alcohol 
ether extracts were evaporated tn vacuo below 50* C 
In an atmosphere of nitrogen (13) The residue was 
extracted with petroleum ether and total carbon and 
phosphorus dctenmnalions were made upon this extract 
by the micro-gasometnc corainistion procedures (12, 14) 
The phospholipids were preapitated from the petroleum 
ether extract accordmg to the method of Bloor (15) 
and redisiolved in moist ethyl ether The phospholipids 
in this lolntiOQ w ere determined upon aliquot portions 


1 Presented before the American Society of Biological »A fpedal grade of sodium metaphosphate (a soluble 
Chemlit, 32d Amiail MetUag Baltimore, March 31 polymer) can be obtained from Howe and French 
1938 J BioL ChaiL, 1938 123 ixxlv Company Boston. 
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TABLE n 

Compontujn of formed eletnenU tn blood 




• 


1 

DlKffbutlon o( 
to^ npu 


I 

I 

1 

I 

1 

2 


4- 

|l 

1 

2 

l| 

r 



c*ni of dry 

ami 

prr 

ani 

ftr 

ami 

ami 

Total lipid 

15 

22 


11 





Phospholipid 

11 


07 

7 

74 

60 

58 

67 

Free cholesterol 

2 


0.3 

2 

16 

16 

2.3 

20 

Cholesterol esters 

1 


0 1 

1 

5 

10 

7 

3 

Neutral fat 

1 


OJ 

1 

4 

14 

12 

10 

Protein 

64 

69 

90 

56 





Cephalm} 





6S 


58 

65 


* From Ha u ro wi ti and Sladtk (17) 

t From Boyd (20) 

tPtr cent of total phospholipid 


tenth as much lipid* However, the hpid content 
and distribution in red cells (calculated on a 
hemoglobin free dry weight basis), and m eryth- 
rocyte stroma, separately determined (19), is 
strikingly similar to that of platelets The um- 
formity of the hpid patterns (Table II) may m 
dicate a typical chemical structure and close bio- 
logical interrelationship of the red land white 
blood cells and platelets 

It IS necessary to examine the physicochemical 
state of the hpid and protein (19 21) and thdr 
association within the cells, for an explanation of 
the mdividual behavior of the platelets, erythro 
cytes, and leukocytes, with respect to surface phe 
nomena permcabihty and labihty to osmotic lysis 
( 22 ) 

The platelets which are senously diminished 
m congemtal thrombopemc purpura, are often re 
stored to a normal concentration by splenectony 
(23) Platelets were secured from one patient, 
during a temporary stimulation to a record count 
of several milhon per cjnm , soon after splenec 
tomy * A single platelet sample taken when the 
count had passed the peak but was still at four 
million, provided suffiaent material for a complete 
analysis (70 mgm of dned platelets from 50 cc, 

* A 12 year-old girl who had been under the obierva 
tlon of ooe of the aothora (PI-.) for four years pre- 
ceding splenec t o my Following spleuectomy the platelet 
cotmt soon reached, and was maintained, at a normal 
level. 


of blood m contrast to a normal yield of about 
10 mgm ) 

The hpid composition of the platelets in this 
sample of high platelet concentration (seven times 
normal) was not materially different from the 
composition determined in the samples from nor- 
mal mdividuaJs (Table III) The apparent ele- 
vation of protein content may be caused by the 
use of sodium metaphosphate, rather than sodium 
atrate, as the anticoagulant 


TABLE m 

ComposUton of human plateUls In tkromhopnue purpura 
ofier splenedomy and *n kemopMta 



Thnjin 

Hemophilia 

Nor 

nul 

chOdrea 

Nor 

tdolt* 

pQTptm 

I 

II 

in 

Number of subjects 

1 

5* 

4* 

3t 

91 

251 

Total Ilpld 

12 

12 

15 

IS 

13 

16 

Fhosph^jpKl 

9 

7 

10 

9 

9 

12 

Free cholesterol 

2 

2 

3 

3 

3 

2 

Cholesterol eaters 

0 1 

1 

1 

0 

0 

1 

Neutral fat 

1 

2 

1 

.3 

1 

1 

CephslinI 

66 

69 

63 

66 


68 

Protein 

74 

72 

76 

69 

56 

66 


• Oottlng time 2 to 5 hours 
f Qotting time 15 to 30 minute*, 
tSodinm dtrote naed as anticoagnlant for all sample* 
from cbildreo and 15 of the adults. Sodium metapnoe- 
phate Bolutlon (10) used for all others 
I Per cent of total pbosphobpid 

The work of many observers has led to a suspi 
atm that one of the anomahes m hemophilia hes m 
a functional ineffectiveness of the blood platelets 
(24, 25 26) That the platelets do exhibit ab- 
normal stability against disintegration has been 
demonstrated by dark field microscopic examina- 
tions (27) They apparently undergo the initial 
phenomena of osmotic alterations, mdudmg a 
modified excrescence formation, but they do not 
suffer rapid lysis (27) These observations have 
been confirmed in the hematological mvestigations 
being earned on in conjunction with the present 
studies (28) The disintegration of hemophihe 
platelets (determined by incubation for 6 hours 
at 38 Cm Olef’s sodium metaphosphate solu 
tlon) is neghgible compared to the 40 per cent 
destruction of normal platelets Differential 
platelet counts on the basis of size, imtially and 
after incubation, demonstrate that the platelets 
are subject to measurable swelling (28) 

Inasmuch as cholesterol and the vanous phos 
pholipids arc charactenzed by differences m their 
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hydrophihc properties (29, 30) , it is pertinent to 
search for dues to the anomalous beliavior of 
hemophihc platdets within their own lipid con- 
stitution 

Nine individual platelet samples (combined as 
two samples for analysis) have been collected 
from the blood of five hemophihacs ® with pro- 
longed dotting times (2 to 5 hours) Three sam- 
ples (pooled as one) were secured from three 
hemophihacs ® with only slightly lengthened dot- 
ting times (15 to 30 minutes), but who had 
marked hemorrhagic symptoms and prolonged 
bleeding times The hemophilic platelets pos- 
sessed a normal quota of hpids (Table III) and 
showed no anomaly that could be detected by the 
present analytical methods 

On the basis of the hpid analyses it is of interest 
to calculate the amount of cephahn which may 
be contnbuted to the dotting mechanism by 
breakdown of the platdets The platelets in 100 
cc of blood could furmsh from 5 to 10 mgm 
of cephahn (a concentration of one part in 10,- 
000), if the entire amount in the platelets was 
hberated 

Extremdy small amounts of “ free ” cephalm 
(of the order of one in several million) suffice 
for thrombin formation in the absence of excess 
antithrombm factors (31, 32) The sigmficance 
of the observed amount of platelet cephahn de- 
pends upon the answers to the following quenes 
To what extent is blood dotting dependent upon 
platdet sources of phospholipids ^ How much of 
the cephahn is made “ available " m the presence 
of the platelet proteins (9), plasma proteins (33), 
and electrolytes (2, 34) ? 

These anal34ical data are sigmficant to the ex- 
tent of proving that there is no lack of the dot- 
aiding type of phospholipids in the blood platelets 
of normal and hemophihc humans 

SUMMARY 

Platelet samples from the blood of healthy men, 
women, and children, hemophihacs, and a patient 
with thrombopemc purpura (following splenec- 
tomy) were collected and analyzed by imcro-gaso- 

® The diagnosis of hemophiha m these individuals 
(ages 5 to 13 years) was established beyond question by 
clinical and laboratory observations over a period of 
seteral years (PX.) 


metnc methods for total hpid, total phospholipid, 
cephalm, free cholesterol and cholesterol esters, 
neutral fat, and mtrogen 
Lipid values (per cent of dry weight) on four 
pooled platelet samples (composite of five or 
more) from 25 adults, were umform and aver- 
aged as follows Total hpid, 16 , 'phospholipid, 12 , 
free cholesterol, 2 , cholesterol esters, 1 , neutral 
fat, 1 per cent Cephahn composed 68 per cent 
of the total phosphohpid 
The platelets from the blood of normal children 
(one sample made up of 9 individual collections) 
demonstrated a shghtly lower value for phospho- 
lipid 

In hemophiha, the platelets appeared to possess 
normal amounts of the hpid constituents (12 sam- 
ples pooled as 3 for analysis, and separated on 
the basis of clotting time) 

The platelets secured from a patient with throm- 
bopenic purpura, dunng the stimulated phase fol- 
lowing splenectomy, exhibited a normal proportion 
of hpid constituents 

Similanties in the hpid composition of human 
platelets, leukocytes, erythrocytes, and stroma 
were pointed out and discussed 
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(Reedved for publication October 7 1938) 


Since the great epidemic of mfantile paralysis 
m 1916 research in every phase of the subject 
has been actnely maintained ExpJoratiDns into 
the nature of the virus, portal of entry, epidemi 
ologYi prevention, and treatment have been vigor- 
ously pursued In the Consbtution Chmc of the 
Presbytenan Hospital our mterest has been con 
cemed especially with the evaluation of the per 
sonal identity or constitubonal characters of the 
paralysed child or adult The present research 
was ongmally undertaken m 1916 for the follow 
ing reasons First the general prmaple that 
Human Disease represents a conflict between a 
hving individual and some specifically adverse 
element of its environment second, that in the 
most heavily infected areas many children of 
suscepbble age remained well, third that m the 
presence of an ideirtical sample of virus there was 
great vanabon in the seventy of the chmeal 
course, fourth that there was a notable differ- 
ence bebveen the morphology of stneken and 
well children. 

Our observabons upon these conshtubonal dif 
ferences have been published from time to time 
since their first menbon in 1917 (1, 2) As in 
our previous studies the morphology of stneken 
persons has been our mibal avenue of approach 
to the quesbons " Are the subjects of any given 
disease consbtubonally different and recognuable 
from those mdividuals who escape that particular 
malady ? ” A dissentmg view of this thesis m 
the case of infanble jiaralyeis is taken by Levme, 
Neal, and Park (3) and also by Thelander and 
Pryor (4) It is mteresbng to note, however 
that earlier clmioans menboned that pohomyelibs 
victims were notable for their large sire, robust- 
ness, and sound teeth Thus Underwood (S) m 
1799 referred to ‘ fine children ” and m 1823 
Shaw (6) wrote ‘ strong and healthy children 
are more frequently affected than those of a 

1 The work reported in this corntnumcation was carried 
out under a grant from the Rockefeller Foondatioii. 


weakly consbtuhon ” There are many other 
similar statements by other authors, mcludmg 
Aycock (7) who also have observed differences 
between the consbtubonal types of stricken and 
well subjects From these wnbngs it would ap- 
pear that the notion of a “ host factor " m acute 
pohomyelibs was sbmng as early as 1799, per- 
haps even before the mfechous idea was bora 
Furthermore, since morphology is clearly, at least 
m part, an mhented character, the question has 
often been asked whether other quahbes such, for 
example, as immumty might likewise be a genebc 
one. The recent work of Webster (8, 9) mdi 
cates that certain breeding techmques markedly 
mfluence the resistant or susccptftle factor m 
some strains of mice to both bactenal and virus 
infections ' Heredity " be states " has proved 
clearly to be an element of fundamental impor- 
tance in determimng the fate of mdividuals fol 
lowing primary exjxisure to a natural mfection.’ 
And again, in a subsequent paper “ The thesis of 
variabihty of host resistance and its regulabon by 
inborn and environmental factors has both par 
bcular and general bearmg upon expenmentabon 
m infecbous disease. Agam the role of m 
nate resistance factors is being mvesbgated m 
expenmental epidemiology, for example, in the 
matter of determining the status of survivors of 
an epidemic. Are they inherently resistant at 
the outset and spared from the ravages of the 
epidemic agent, or are they differenbated only by 
the chance exposure to submfeebous doses which 
have immunized them, or do both processes 
partiapatef ’ 

Furthermore so far as mfanble paralysis is 
concerned, we have evidence m our clinic (not 
reported) , and numerous otlier observers notably 
Aycock (10) have published genebc histories 
which mdicate beyond doubt that the disease may 
well " run in famihes.’ 

The purpose of this communicabon is to sup- 
port further our contenbon that »- 
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table to the adverse effects of pobomyelitas virus 
are highly speaalized types of the human race, 
that they possess a recognizable physical consb- 
tubon Tvhich is determined by inherited faults or 
adverse mtrautenne en'vironment, or both 
These result m growth and development irregu- 
lanhes, retardations, and endocnne imbalance of 
a defimte character ivluch appear to correlate with 
susceptibihty to the virus 

MATERIAL 

Measurements and observations upon 148 para- 
lyzed boys, 125 paralyzed girls, and a control 
group of 229 " well boys ” all between the ages 
of 5 and 20 compose the matenal of this mvesb- 
gataon There is no control senes of well girls, 
but it turned out that the paralyzed females were 
similar to the paralyzed males (excepting pn- 
mary sex characters) m all measurable and non- 
measurable (observed) characters To faahtate 
the statistical reduction of the data, the senes 
were divided into age groups of 2-year intervals 
Ages 15 to 20, because of paucity of numbers 
were combmed in one umt In the male para- 
lyzed senes, the number of cases m each group 
vaned from 20 to 33 , in the control senes from 
20 to 57 , in the female paralyzed senes 16 to 26 
Without regard to the tame they were attacked 
the subjects have been grouped according to 
their age at the tame they were measured 

The raaal factor was carefully studied. But 
after adding to our New York matenal a series 
of 31 (both sexes) paralytics m Sweden and 27 
cases in Finland," and a large control group of 
well boys and girls from Swedish summer camps, 
we conclude that among white people, at least, 
race apparently plays a neghgible role m suscep- 
tabihty to infantile paralysis 

We have continued to apply the technique of 
measurement and observation which we have pre- 

-It gives us great pleasure to express our thanks to 
Prof Carl A, Klmg, Director of State Immunity Insti- 
tute, S'wedcn, Dr Severm, Director of Boys’ Camp, 
Reisingbo, Sweden, and to Dr Gunnar Svedenms, Medi- 
cal Director of Girls’ Camp, Bamens 0, Sweden, for 
their interest and cooperation m helpmg us to get access 
to their \ery rich matenal Without their assistance, 
we would not have been able to mclude the matenal from 
Scandmana and Finland. To Dr Wertiamen of Loimaa, 
Finland, we are likewise greatly mdebted for putting his 
cases at our disposak 


viously employed, and have subjected the data to 
statistical analysis It has been surprising how 
consistently the figures have supported our earher 
contentions that the poliomyelitic susceptible was 
a specific and recognizable type But, m addi- 
tion, the calculations have brought out some new 
concepts of the possible nature of this pohomye- 
Iitic susceptible human host type One of these 
mvolves the problem of growth and development, 
another has to do with age (time factor) in re- 
lation to the distribution and seventy of paralysis 

Because the statistical matenal is so extensive, 
we have thought it best to present the work in 
two sections, the first discussing the findings in 
respect to growth and development, the second 
those related to age and paralysis But, it should 
be understood that because of the complex in- 
terrelationships of the two sets of phenomena, a 
sharp di'vision is impossible 

MEASUREMENTS 

The most notable finding is that paralyzed boys 
ID the age group 5 to 8 and from 13 on possess 
larger head and face size than do the controls 
Between the ages of 9 and 13 the sick and well 
groups present no differences But again in the 
15 to 20 age group the cnpples display signifi- 
cantly greater dimensions in 14 out of 27 mea- 
surements The interpupiUary distance and the 
breadth between the inner canthi is likewise 
greater among the sick individuals of the earlier 
and later age groups Furthermore, their eye 
slits are longer than those in the well senes “ 

When the entire senes is divided into the 2- 
year age groups clear differences in comparative 
size appear between those which precede and fol- 
low puberty This finding we have considered as 
a difference m growth rhythm between the two 
groups (Figure 1) In the later age groups body 
measurements indicate somewhat greater size 
among afflicted persons On the other hand, for 
a character such as cephahc index we have never 
found any correlation ■with types susceptible to 
infantile paralysis ' 

® The detailed data which are available m this labora- 
tory and are not included m this paper because of their 
magnitude give the differences of the means of all the 
measurements and indices ■with the "value in terms of the 
probable error for each age group 



HUMAN FACTOB IN INFANTILE PABALYSIS I 


89 


rm 



Fic. 1 CuRTE Showing Accumulated Bienniai. Ik 

CBEMEKTS OF GROWTH 

The mcrcmenta cxpreii the diflfcrcnce, each 2 years 
between the means in millimeter* of the sitm of all llccar 
meaturementa. 

To recapitulate then, it appears that afflicted 
children tend to be larger m size during the years 
before and after puberty But during the time 
penod commonly allocated to the estahlishraent of 
sexual raatunty there is no demonstrable differ- 
ence m growth achievement between the sick and 
well groups Now when -sve consider the non 
measureable characters a somewhat different pic 
ture confronts us These phenomena which now 
present themselves for discussion seem to be re 
latcd almost exclusively to the function of de- 
velopment They compnse details of design and 
tissue quality some of which tend in general to be 
modified or to disappear with advancing years 

OBSEUVATIONS 

Wc have chosen six characters from among a 
large number of the observable ones which show 
significant differences between sick and well 
groups These six were chosen because they have 
been so consistently emphatic. Indeed we have 
come to rely on them as dependable entena of the 
pohomyehtic susceptible consbtution. Table I 
shenvs the excesses m the frequency (percentage) 
of these characters in the sick over the well male 
groups These differences are also expressed in 


TABLE I 

Dtffertnus of pmeniatis in tho tix tJiaracUrt hetwen Uu stek 
and weU [rimpt with values tn terms of probaUe error 
Stci l^sIWell hoys 


Dlflemtct xpe 


am 

Black ipots — Present +23 05 + 8 60 

Eye laahea— Long curved +38J3 +11.87 

CCTtral mcisor teeth — Large +30J7 +8.81 

Hyperexten*lon of joint8-+’roDomiced+26 44 + 7 73 

Cwtral indior tpadng — Present +1743 +4 96 

Internal eye folds — Present +2449 + 748 


terms of their probable errors (If the xpe is 
above 3 the difference is significant) 

Pigment spots The physiology of pigment m 
health and disease is not yet fully understood 
Consequently it is not possible now to offer a 
suggestion as to its sigmficance m patients who 
are susceptible to infantile paralysis Our find- 
ings mdicate two things First irregulanty of 
pigmentation is definitely more extensive and fre 
quent in our paralyzed senes than in the controls 
Second this difference seems to be entirely inde- 
pendent of eye color hair color, and race. 


TABLE II 

Blaei spots — AfaU series 



Abveat 

Praeat 

Total 


Nam 

Per 

Nom 

Per 

Nam 

Per 


ber 

cent 

ber 

ceat 

ber 

cent 

Sick total 

15 

10 14 

133 

89 86 

148 

100 00 

Control total 

76 

33 19 

153 

6641 

229 

100 00 


Large central tncssors and central tnasor spac- 
ing Our figures disclose a greater amount of 
large and irregular dentition in the sick group 
Behevmg as we do that the manner of dental 
eruption expresses an important index of the total 
oiganisras growth and development, tooth fonn 
and placement are for us matters of constitu 
tional significance. 

TABLE m 


Size of central incisor teeth — Male series (A[es 7 and above 
only) 



Rfwatl atyj 

armce 

Larit 

Total 



Per 


Per 

Nam 

Per 


ber 

cent 

ber 

cent 

ber 

cent 


21 

1640 

104 

8340 

125 

100 00 

Control total 

99 

4747 

no 

52 63 

209 

100 00 
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TABLE IT 

Central tnctsor spacing — Male senes 


— - ■"■■■ 

1 

1 

1 


1 



Absent 

Present 

Total 


Num 

Per 

Num- 

Per 

Nmn- 

Per 


ber 

cent 

ber 

cent 

ber 

cent 

Sick total 

70 

47 30 

78 

52 70 

148 

100 00 

Control total 

148 

64 63 

81 

35 37 

229 

100 00 


a slant to the palpebral fissure, 2, a smooth down- 
ward and imvard curve of the upper hd margin, 
3, the epicanthal fold of skin which sweeps down 
almost vertically over the inner canthus Vanous 
elements of this tno or all of them are not infre- 
quently seen in members of the white race This 
eye construction is usually assoaated with a flat 
nose bndge and wide mter-mner canthus space 


Eyelashes In the control group eyelashes 
tend to grow shorter with advancmg years In 
the paralyzed group, on the other hand, there is 
no shortemng as they grow older We have as 
yet no explanation for this phenomenon But it 
IS again one which displays a different conduct in 
relation to increasing matunty between the sick 
and well groups 


TABLE V 

Eyelashes — Male senes 



Short or 
medium 

Lone 

carved 

Total 


Num- 

Per 

Nnm- 

Per 

Nura 

Per 


ber 

cent 

ber 

cent 

ber 

cent 

Sick total 

26 

17 57 

122 

82 43 

148 

100 00 

Control total 

128 

i 

55 90 

101 

44 10 

229 

100 00 


Hyperextcusibihty of joints Hyperextensibil- 
ity of hand and fingers is a umversal character 
of human infants It disappears at a varying 
rate with advancmg years until a sharp drop oc- 
curs at about 13 years of age Among infantile 
paralysis patients, however, there is a much higher 
percentage of hyperextensibihty m all age groups 
But the curve of descent practically parallels that 
of the control group 

TABLE VI 


HyperexiensibiMy of joints — Male senes 



Absent to 
medltun 

Pronounced 

Total 


Num 

Per 

Ntun- 

Per 

Nnm- 

Per 


ber 

cent 

bw 

cent 

ber 

cent 

Sick total 

52 

35 13 

96 

64 87 

148 

100 00 

Control total 

141 

61^7 

88 

38 43 

229 

100 00 


Internal eyefoJds (Epicanthic, “Mongoloid”) 
The three well known characters of the Mongol 
eje are 1, Inner canthus low'er than outer giving 


table vn 


Internal eyefolds — Male senes 



Absent 

Present , 

1 

Total 


Num 

Per 

Num- 

Per 

Num 

Per 


ber 1 

cent 

ber 

cent 

ber 

cent 

Sick total 

77 

52 03 

71 

47 97 

148 

' 100 00 

Control total 

ll75 

76 42 

1 

|23 58 

229 

1 100 00 


Our findings show this character in one or more 
of its constituent forms to be present far more 
often among the paralyzed than the well Fur- 
thermore, there were three Mongoloid idiots m 
Willard Parker Hospital suffermg from acute 
pohomyelitis dunng the 1931 epidemic The pop- 
ulation inadence of such arrested types is 1 in 
1000 of child population The cause of Mon- 
gohsm is not known But this pecuhar condition 
IS now thought to be caused by some adverse 
intrautenne influence which results in a special 
form of retardation in growth and development 
Disturbance of antenor pituitary lobe, adrenal 
cortex, and gonads have been suggested It is 
also worth noting that the epicanthal fold, flat 
nose bndge, and wide inter-inner canthus space, 
and wide set eyes is almost typical of the white 
fetus 

The marked difference of faaal design between 
fetus, mfant, and adult is weU known and depends 
largely on elevation of the nose bndge Our 
figures show, for example, that the inter-inner 
canthus breadth is significantly greater for the 
pabents than the controls, for the age groups 
5 to 6 and 7 to 8 years This difference between 
sick and well group is not so marked at puberty 
But it persists as one of the insignia of retarda- 
bon in many older paralyzed children to later ages 
than the controls 

While the two methods — ^mensuration and ob- 
servabon — a^ohviously only apphcable in their 
appropr’"’*^'' ^ ' - ” ' ■ - — 
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natundl} mtimatel) intcn\o\cn Table VIII de 
med from stncken girls o^er 7 years of age is 
offered as an example of the interrelation Should 
v,t take for example the figure ^\lllcl^ represents 
tlie ratio ‘ interpupillaiy space over faaal diam 
eter, tins whole group can be divided into two — 
one of which displa}*s indices below 47 the other 
48 and abo\c If now the members of these t\\o 
groups be classified according to the number of 
the SLx characters each possesses the structure of 
Table VIII becomes clear Tlic figures show ap- 
parcntlj that when the index is low (i e below 
47) 80 per cent of sucli individuals possess onl} 
one of the six characters When the index is 
high (above 48) on the other hand the indmd 
uals tend to present an increasing number of the 
SIT cliaracters This would again indicate that 
with mcrease m size (growtli) there is found an 
increase in entena of inadequate development 


TADLE Mil 

PartUyied this C[CJ 7 and aver 
InterpuptUary space{Faaal dtameUr 


Noaiberaf dancl«n 

Low 
lodez.4 
ap to 47 

llUb 

iodex.* 

48 and over 



ptr cmi 

ptr (*mt 

I 

(One character) 

80 00 

20 00 

II 

(Two characteri) 

57 14 

42 86 

HI 

(Three charactera) 

77 78 

22J2 

IV 

(Four character) 

55J6 

44 44 

V 

It'tve cbaracteri) 

48J7 

5143 

VI 

(Six character*) 

36J6 



* Low index — parrow eye set relative to face breadth 
High index — wide eye set relative to face breadth 


In the first hvo age groups we liavc seen the 
analogue of the fetal face, suggesting a retarda- 
tion in the metamorphosis of tlus important faaal 
area (Figure 2) TTie term retardation here docs 
not refer to size, for often these retarded faces arc 
large. It refers to the degree of matuntj The 
subsequent pushing forwTird of the nose bridge 
with advanang montlis and years rapidly clianges 
the fetal and infant aspects iii the direction of 
adult nasabzation In tlie age groups 9 to 13 
these speaal eye nose zone characters show little 
or no difference between sick and well But from 
then on tlie fetal and infantile resemblances re 
appear m subtly varying degree among tlie para 
lyzed group It is as if the sick group were 
capable to some extent of pushing tlie nose bridge 
forw’ard from tlie original fetal e>e and nose de 
Sign. But It only goes so far On the otlier 



Tic. 2 Bo\ of 7 Showtso Facial CnAa.\creRS or 
PoUDU^TUTlC SusoimDLE Tyte 
Note CXCC5J1NC inter mner canthua apace and Mongo- 
loid fold also black spot on left chest This bov also 
has Widely separated upper central inasors flat nose 
badge, and wide set eyes 

hand the well group at this point mamtam tlie 
cDntinuing nasal growUi process appropnate to 
tlie 9 to 12 age level Then with the puberty 
thrust tJiej forge ahead. The sick group arc left 
behind and remam fixed at some point of re 
tardation So far as e>e nose zone is concerned 
such retardation is more notable by contrast as 
the rest of the face grows more mature. 

Another phenomenon wluch presents a some- 
what similar picture of discrepancy behveen ad 
vance in general body grow’th and functional re 
tardation is found m the external genitalia of 
male paralytics Not only are small organs al 
most the rule among the sick group but partial 
or amiplete cryptorchidism is significantly more 
common m tlie stncken than in the resistant per 
sons Coinadent witli tlic retardation m gonad 
development it w-as observed that the body build 
m the paralyzed boys tended more towards the 
curved feramme (perhaps better the human 
species type whicli underhes that of both sexes) 
as compi^ wuth the more angular mascuhne 
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body build of the Mell boys The inverse ratio 
of large body size and small gonads again points 
to a lack of parallelism bet\i een the t\\ o important 
phases of the maturing process 

It should be evident from the foregoing para- 
graphs that ve are confronted vith the tvo com- 
plex and mtimatelv associated phenomena of 
grouth and development They seem to be as 
definitely related to the unsuccessful maturing of 
a specifically ill person as they may be to the final 
completion of a healthy specimen We have con- 
sidered that the two words “ Growth ” and “ De- 
velopment ” have different connotations but that 
the processes they descnbe are importantly re- 
lated, indeed perhaps merged Grov^th for us 
means augmentation in size Development on the 
other hand connotes tlie continuous modification 
of an individual’s total life processes which trans- 
pire between the egg stage and adult form It 
deals not vith size but ivith events of functional 
rearrangement and especially wth the time at 
w Inch these events occur, and their relation to one 
other in respect to the tune of their occurrence 
I'iihermore, since both grondh and development 
express energ)' in motion their relationship witli 
time determines rate The importance of the rate 
of growth and development of the parts of an 
organism is well knovn to be a matter of pro- 
found sigmficance to the successful completion 
of the adult phenotype Stockard’s (11) experi- 
ments on tlie production of vanous degrees of 
twnnmng in trout by retarding the metabolism 
rate of gemunating eggs is an excellent illustra- 
tion of the importance of pace for matunng em- 
bryos Newman (12) has published somewhat 
similar studies 

Our findings would seem to show that the sus- 
ceptibility to the virus of infantile paralysis is 
part of' a defimte type of faulty constitution As 
in all other biological phenomena there is a wide 
range in the degree, but we believe that there is 
adequate support for the notion that poliomyelitic 
susceptibles are different from the resistant per- 
sons These differences are doubtless relative and 
as subtty relative as are the merging tones of the 
chromatic scale in music From this it might 
be inferred that the number and degree of the 
diaracters — ^the legibihty of the stamp as it were 
— ^may correlate positi\ety vith the seventy of 
the disease — whether abortive or paralyzed, in- 
cluding the latter’s distnbubon and extent 


It IS interesting that anthropometty demon- 
strated less evidence of difference between sick 
and w’ell than did the obsen'ations of non-meas- 
urable characters Possibly, the explanation for 
tins lies in the fact that growth (in the sense of 
size augmentation) is not perhaps so closely in- 
volved w ith susceptibility Resistance to infection 
on the other hand is more intimately related to 
tlie changing functions of metamorphosing cells 
And so It w'ould seem as though there w'ere a 
splitting of the two forces which cairj^ the or- 
ganism to completion Among poliomyelitic sus- 
ceptibles there is a tendency to overgrowth and 
underdevelopment The latter persists while 
growth continues and emphasizes the develop- 
mental retardation Among non-susceptibles, 
grorvth and development proceed more m step 
with each otlier and with age (time appropriate- 
ness) These growth irregularities and develop- 
mental retardations, as well as the sex difference 
in tlie attack rate suggest adverse genetic, or in- 
trautenne forces, and later endocnne unbalance 
as being responsible for the type susceptible to 
infantile paralysis 

CONCLUSIONS 

1 A method composed of mensuration, obser- 
vation, and statistical analysis has been used for 
studying the external morphology of subjects 
w'lth infantile paralysis 

2 Persons susceptible to the virus of acute 
anterior poliomyelitis possess a speaal constitu- 
tional type of morphology which differs signifi- 
cantly from that of non-susceptibles 

3 Vanations occur m the degree of the mor- 
phological differences extending from nearly im- 
perceptible ones to those of high statistical sig- 
nificance This scale may parallel the seventy of 
the individual illness, and likewise possess epide- 
miological significance 

4 Among susceptibles there is a lack of coor- 
dination betw'een growiih and development This 
is expressed m a tendency to overgrowth and 
retarded development 

5 The peculiar presence of the Mongoloid eye 
and the fetal and infant-like retardation of the 
eye-nose zone suggest adverse genetic or intrau- 
tenne forces 

6 The person susceptible to infantile paralysis 
is a different and in some way incomplete pheno- 
type, the incompleteness depending upon certain 
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faulty gencbc characters or adverse intrautenne 
events which alter the tune relationships in the 
processes of gro^vth and development 


ADDENDA 

Following is a list of the anthropological meas 
urcmcnts and indices derived from them 


Cephalic length 
Cephalic breadth 
Faaal diameter 
Bigomal diameter 
Facial height 
Nasion prosthion 
Natal height 
Natal breadth 
InfradentaJe-menton 
Ear length 
Ear breadth 
InterpuplUary apace 
Palpebral length 
Palpebral breadth 
Inter inner canthm 
NaU length 
Nail breadth 
Finger length 
Hand length 
Pahn length 
Palm breadth 
Gotiial angle 
Blacromial diameter 


Biillac dameter 
Thoraac lateral diameter 
Tboraac AJ* diameter 
Wd)b 

Cephalic Index 
Facial mdex 
Upper face Index 
Naial Index 
Ear index 
Palpdiral index 
Nad mdex 
Hand Index 
Thoradc index 
Biihac diameter/ 

Blacromial diameter 
Interpapillary space/ 

Nation prosthion 
Interpuplllary space/ 

Fao^ diameter 
Bigotual diameter/ 

Facial diameter 
Inter Inner cantbns/ 

Facial diameter 
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In the first paper of this senes the susceptible 
human organism’s state of growth and develop- 
ment was under discussion, and the retarded or 
mcomplete phenotype which seemed to correlate 
highly with susceptibihty was compared with well 
children (1) 

The present paper attempts to explore the 
genetic and constitutional basis of the difference 
between sick and well, the relation of vanous age 
levels to susceptibility, and to the location of 
paralysis 

It would seem that the ages of 6 to 7 (second 
dendition) and that of 11 to 15 (puberty) are 
more or less cnhcal ones m the organism s march 
to completeness The controls pass through 
these time poinls without much change m their 
growth rates The poliomyelitics on the other 
hand seem to be m some way stimulated to a 
sudden sue increase following the achievement 
of each of these two age levels But this stira 
ulus does not serve to advance their already re- 
tarded development (see (1), p 13) The con- 
trols apparently either receive no such stimulus or 
do not react to it 'Iheir growth and develop- 
ment processes move on in parallel, imdisturbed 
and as a more average continuum. 

Age of onset We are ever impressed by the 
relationship between growth, development, age, 
and the moment of disease onset There is here, 
however a danger of possible confusion m the 
fields of cause and effect It might be said for 
example that the disease itself provokes some 
change m the growth and maturing processes 
which result m the organism 3 failure to achieve 
completeness In upholdmg our behef, however, 
fhaf these 4 phenomena jiut mentioned are 
genetic, truly constitutional ones, and not condi- 
tioned by the disease, we can refer first to the fact 
that “style" of organ development is dcfimtely 

I The worl. reported m this communication was earned 
out under a ffrant by the RockefeUer Foundation. 


hereditary Thus the form and position of teeth 
are due to that same cause whether spaced or 
close-set Moreover, there is a fairly bgh per 
centage (42 67 per cent) of close-set teeth among 
those children who became ill before the eruption 
of the second dentition. Tables I and 11 form 
the basis for these views 

These tables indicate that there arc no sigm- 
ficant differences in frequency of black spots, 
large central incisors, long curved eyelashes or 
internal eycfolds between those children who be 
came paralyzed before 7 years of age and those 
who were afflicted at a later age. On the other 
hand there are significant differences between the 
two age groups in only two of the six characters 
namely, central masor spacing and pronounced 
hyperextensibfiity of the jomts The higher per- 
centages for these two traits are found among 
those children who became ill dunng the first 6 
years of hfe. But it was pomted out m the first 
paper that these characters tend to disappear with 
mcrcasmg years m both sick and well the former 
more slowly and often less completely than the 
latter As a result of these observations, it would 
seem that the speafic characters just discussed arc 
marks of an inherited special constitutional type 
and not products of the disease. Furthermore a 
fair percentage of all the characters are found 
also among the control group We conclude from 
the above that paralyzed children no matter at 
what age they were measured and observed, have 
possessed those characters from birth 
In our discussion of the six characters which 
were found with much greater frequency in the 
sick group, we took into consideration only the 
percentage distribution of these characters as com 
pared to the control senes It may well be of 
equal importance to examine the quantitative dis- 
tnbubon of these characters among the sick and 
the wen In Table III and the subsequent tables 
the Roman numerals refer to the 
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TABLE I 

Percentage dtstnbution of characters according to age at 
onset of disease Paralyzed boys Age 7 and over 
{■when measured) 


Age of onset 

Number 

Per cent 

Before 7 years 

75 

60 00 

7 years and above 

SO 

40 00 


Black spots 


Aae at onset j 

j Absent | 

Present j 

j Total 

Num 

Per 

Num 

Per 

Num 1 

Per 


b« 

cent 

\XT 

cent 

ber 

cent 

Before 7 years 

5 

6 67 

70 

93 33 

75 

100 00 

7 years and above 

1 

2 00 

49 

98 00 

50 

100 00 


Eyelashes 


Age at onset 

Short and | 
medium 

1 

Long curved | 

1 

Total 

Num 

ber 

Per 

cent 

Num 

Per 

cent 

Num 

ber 

Per 

cent 

Before 7 years 

7 > ears and above 

10 

14 

13 33 
28 00 

65 

36 

86 67 
72 00 

75 

SO 

100 00 
100 00 


Hyperextensibility of joints 



Absent to 
medium 

Pronounced 

Total 

Age at onset 







Num 

1 

Num 

Per 

Num 

Per 


ber 

cent 

ber 

cent 

ber 

cent 

Before 7 years 

24 

32 00 

51 

68 00 

75 

100 00 

7 years and above 

27 

54 00 

23 

46 00 

50 

100 00 


Central inasor spacing 


Age at onset 

Absent 

Present 

Total 

Num 

Per 

Nuro- 

Per 

Num- 

Per 


ber 

cent 

ber 

cent 

ber 

cent 

Before 7 years 

32 

42 67 

43 

57 33 

75 

100 00 

7 J ears and above 

35 

70 00 

IS 

50 00 

50 

100 00 


Internal eyefolds 


Age at onset | 

Absent | 

1 

Present | 

Total 

Num- 

Per 

Num- 

Per 

Num 1 

Per 


ber 

cent 

b« 

cent 

ber 

cent 

Before 7 >ears 

41 

55 41 

33 

44 59 

74 

100 00 

7 1 ears and above 

1 

29 

58 00 

21 

42 00 

50 

100 00 


Large central inasors 


Age at onset 

1 Absent 

1 Present 

Total 

Num 

Per 

iNum 

Per 

1 

Num- 

Per 


ber 

cent 

ber 

cent 

ber 

cent 

Before 7 > ears 

12 

16 00 

63 

84 00 

75 

100 00 

7 J ears and above 

12 

1 

24 00 

38 

76 00 

50 

i 

100 00 


TABLE n 

Differences of percentages of observations on paralyzed boys 
who became sick bffore 7 years of age and those who 
became afflicted at 7 years or after vnth value in 
terms of probable error 

Age of onset before 7 years! Age of onset 7 years or above 




Difference 

ipe 

1 

Black spots — Present 

- 4 67 

-1 98 

2 

Eyelashes — ^Long, curved 

+14 67 

+2 92 

3 

H^erextensibility of joints — 
Pronounced 

+22 00 

+3 68 

4 

Central incisor spacing — Present 

+27 33 

+4 70 

5 

Internal eyefolds — Present 

+ 2 59 

+ 42 

6 

Large central incisors — Present 

+ 8 00 

+1 61 


TABLE m 

Table showing percentage distribution of six characters among 
sick boys and girls and control boy senes 



Num- 

ber 

Per 

cent 

Paralyzed boys — ^Ages 7 and over 


VI Six characters present 

10 

800 

V Five characters present 

40 

32 00 

IV Four characters present 

39 

31 20 

111 'I'hree characters present 

27 

21 60 

II Two characters present 

9 

7 20 

I One character present 

0 

0 

0 None present 

0 

0 


125 

100 00 

Summary 

3 or more characters present 

116 

92 80 

4 or more characters present 

89 

71 20 

2 or less characters present 

9 

7 20 

Paralyzed girls — ^Ages 7 and over 


VI Six characters present 

17 

15 89 

V F ive characters present 

29 

27 10 

IV Four characters present 

30 

28 04 

III Three characters present 

18 

16 82 

II Two characters present 

7 

6,54 

I One character present 

5 

4 67 

0 None present 

1 

93 


107 

99 99 

Summary 

3 or more characters present 

94 

87 85 

4 or more characters present 

76 

7103 

2 or less characters present 

13 

12 15 

Control senes, boys — Ages 7 and over 


VI Six characters present 

3 

144 

V Five characters present 

16 

7 66 

IV Four characters present 

32 

15 31 

III Three characters present 

55 

26,32 

II Two characters present 

65 

31 10 

I One character present 

30 

14 35 

0 None present 

8 

3 82 


209 

100 00 

Summary 

3 or more characters present 

106 

50 72 

4 or more characters present 

51 

24 40 

2 or less characters present 

103 

49,28 
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ax characters possessed by the members of each 
group Thus, for example, the numeral VI 
means that all six of the chosen characters are 
present. On the other hand 11 represents those 
mdividuals who posses? only two of the mx char- 
acters 

A glance at the summanes shows for example 
that among the ack boys, 7.20 per cent possess 
only two characters or less, whereas among the 
controls 4928 per cent have two or less Fur- 
thermore among the stricken, 92 8 per cent have 
three or more of the six characters and the well 
who possess three or more form but 5022 per 
cent The figures for girls parallel those of the 
boys very closely 

There is also a correlation between the num- 
ber of characters a child shows and the age at 
which he is measured. That is, those individ- 
uals m the male paralyzed group, for example, 
who have the least number of the six characters 
are among the oldest Those who have the larg- 
est number of characters tend to be the youngest 
This 18 true also for the control group The 
demonstration of this fact is represented by the 
coeffiaent of mean square contingency for age 
(at the time of measurement) and number of 
characters The figures are 026 for the sick 
boys and 021 lor the control group of well boys 
In other words, if age and number of characters 
be correlated it appears that the sick mdividuals 
average more of the six characters than the well, 
but their loss in relation to mcreasing ages fol 
lows a parallel course. If we take into account, 
however, the age at which these sick children 
became paralyzed we have a somewhat different 
picture We have found, for example, that of 
the group of 9 sick children (Table IV) who ex 
hibited only two of the six characters none were 
below 11 years of age when measured Seven of 
these 9 children however, got the disease at 7 
years of age or later and only 2 before 7 years 
Of the 10 boys who exhibited aH six diaracters, 
8 or 80 per cent got the disease before 7 years 
of age and only 2 or 20 per cent at 7 years of age 
or after The figures for the girls are even more 
striking (Table V) 

From the foregoing, then, it appears that even 
though there is a correlation between age (when 
measured) and the number of characters pos- 
sessed by these paralyzed children we find also a 


TABLE rv 

I^ralyied boyt — ^Ages 7 and over 


Notnberof 

dwnatn 

pewewd 

Ace at ofiwt before 

7 yem i 

Ate At octet 7 yean 
and Abore 

Number 

Percetu 

Noffiber 

Pereeat 

11 

2 

22 22 

7 

77 78 

III 

12 

44 44 

15 

55J6 

rv 

22 

56 41 

17 

43J9 

V 

28 

70 00 

12 

30 00 

VI 

8 

1 

80 00 

2 

20 00 


TABLE V 

Paralyzed girls — ^Ages 7 and ott 


Komber of 
cbAfActeiA 
pomtttcd 

[ Ace At oQjet before 1 
1 7 yCATI 

At* At omet 7 yefin 
and Abort 

Kombe 

Per cent 

1 

Komber 

Percent 

I 

1 

20 00 

4 

80 00 

11 

2 

2837 

5 

7143 

III 

7 

41 18 

10 

58 82 

IV 

18 

60 00 

12 

40 00 

V 

18 

72 00 

7 

28H0 

VI 

n 

78 43 

3 

21 43 


correlation between age of onset of the disease 
and the number of characters exhibited at the 
tune of measurement Thus, those children who 
possess a larger number of the six characters had 
a tendency to develop the disease at an early age. 

At this point it might be of mterest to deter- 
nune which of the selected six characters appeared 
most frequently in the sortings on both groups of 
paralyzed children and the control sample of well 
boys In a comprehensiTC rankmg table we have 
listed the traits in order of thar frequency in the 
sick and control groups (Table VI) For ex- 
ample, black spots were found m the highest per- 
centage of the sick boys and girls irrespective of 
whether they possessed one or six of the six char- 
acters Black spots take second place m the 
senes of well boys and large central incisors the 
leadmg position 

From Table VI we see that the well boys do 
exhibit fairly high percentages for certain of the 
SIX selected characters For example the highest 
IS that of 52 63 per cent for large central masor 
teeth But, on the other hand the lowest per- 
centage for any character among the afflicted 
group is 4754 per cent When, however, one 
compares the occurrence of the character of in 
temal eyefolds among sick and well, it appearrw 



98 


GEORGE DRAPER AND C WESLEY DUPERTmS 


TABLE VI 


Percentage distribution of the six characters 


Paralyzed boy* 


146 1 

Paralyzed girls 


124 

WcD bojs 


214 


1 

Num 

ber 

Per 1 
cent 1 


Nuin 

ber 

Per 

cent 


Nam 

ber 

Per 

cent 

1 Black spots present 

137 

93 84 

1 Black spiots present 

114 

91 94 

1 Large central incisorsf 

110 

52 63 

2 Large central inasors* 

114 

91 20 

2 Large central inasorsf 

89 

83 181 

2 Black spots present 

101 

47 20 

3 Long eyelashes 

119 

81 SI 

3 Hyperextensibility of 
joints pronounced 

94 

75 81 

3 Long eyelashes 

95 

44 39 

4 Hyperextensibility of 
]omts pronounced 

94 

64 38 

4 Long eyelashes 

89 

71 77 

4 Hyperextensibility of 
joints pronounced 

81 

37 85 

5 Central inasor spacing 

78 

S3 42 

5 Internal eyefolds 

69 

55 64 

5 Central incisor spaang 

78 

36 45 

6 Internal eyefolds 

70 

47 94 

6 Central incisor spiacing 

68 

54 84 

6 Internal eyefolds 

51 

23 83 


• Based on 125 cases of age 7 years and above 
t Based on 107 cases of age 7 years and above 
j Based on 209 cases of age 7 years and above 


that 47 94 per cent of the former possess it, and 
only 23 83 per cent of the latter 

A good deal of speculation has been spent over 
the factors which determine the chstnbution of 
the paralyses in any given case There has never 
I :d to be any rhyme or reason for the irr^u- 
iar and varying involvement of an arm here, a 
leg there, a diaphragm, or glottis Our investi- 
gation of this point shows first that lower ex- 
tremity paralysis outnumbers by a great margin 
any other group of muscles This is old knowl- 
edge Statistical analysis of paralysis location in 
relation to age at the time of attack, however, 
shows that 57 75 per cent of those children who 
were stncken dunng the first 7 years of life were 
paralyzed only in the lower extremities Only 
14 08 per cent of this age epoch were extensively 
paralyzed in trunk and hmbs (general) The 
boys of the age epoch 7 and over, on the other 
hand, had a diflierenl record In their case only 
24 49 per cent suffered lower extremity paralysis 
whereas 32 65 per cent had general mvolvement 
These differences are statistically sigmficant The 
relation of number of characters and age-paraly- 
sis distnbubon is not absolute In the children 
stncken under 7 years of age there is a tendency 
for the possessors of five and six characters to 
be paralyzed m the lower extremities with much 
greater frequency than in other parts of the body 
On the other hand, those individuals maimed 
after 7 years of age and who possess fewer of 
the SIX characters display a greater trend toward 
upper extremity and more general involvement 


The greater frequency of lower extremity 
paralysis has always been an unexplained and 
challenging phenomenon of pohomyehtis Our 
figures seem to show that children afflicted at a 
very early age are more apt to develop lower 
extremity paralysis than those afflicted at an older 
age If one were to theonze upon the significance 
of this observation, one is led to consider the fun- 
damental biology of extremity development in 
quadrupeds generally It is well known that in 
such forms, including man, the antenor limb buds 
appear first and for 2 years at least, following 
their appearance, take the lead in size and co- 
ordination of movements Presumably the cer- 
vical enlargement of the cord parallels this 
growth We do not know, however, what the 
relationship is dunng growth and development 
between matunng achievement and local tissue 
resistance to the virus attack upon the antenor 
horn cells Vanabons in general immumty in 
relation to age are well known however 
The data seem to show two things The first 
is that individuals possessing 5 or 6 of the spe- 
afic cntena tend on the one hand to have con- 
tracted the disease at an early age Secondly, 
their paralyses mvolve the extremities, especially 
the lower On the other hand, the children who 
develop their disease behveen 7 years and puberty 
more often appear to possess relatively few of 
the SIX characters Furthermore, the paralysis 
of this age span is much more apt to involve arms 
and trunk relatively more often than is the case 
m the younger group Cases which anse be- 
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tween puberty and full adulthood tend not only 
to a similar generalization of paralysis but also 
to increased seventy of the chmcal course. 
Thus, for example, among the 23 boys who were 
IS years or over when measured m 1938 10 did 
did not contract the disease until the 1935 epi- 
demic at which tune they were 13 or older, and 
at the time of the large 1931 epidemic were 9 or 
older Of these, 70 per cent developed wide- 
spread paralyses of the trunk and extremities 
The majonty of the members of this group did 
not have more than three of the selected charac 
ters. Why these boys who possessed cntena of 
susceptibility resisted the virus in the very active 
1931 epidemic and succumbed with severe attacks 
in 1935 IS at present unanswerable. But in view 
of the pnnaple of total organismal gr o wth and 
development, it may be significant. 

The purpose of the foregoing study has been 
to show that from the morphological standpoint 
alone children who develop infantile paralysis arc 
defimtely different from those who resist the 
virus From our point of view, human mor- 
phology 13 significant only insofar as it correlates 
with other characters of the total personahty 
As yet we have made no studies of other panels 
of the total personahty of infantile paralysis 
patients 

The precedmg paper (1) and the present one 
have reported a fairly large group of sick and 
an even larger control group of well chddren 
studied by morphological and statistical methods 
As far as appears, the ongmal observations from 
this chmc on morphology of infantile paralysis 
subjects have been largely substantiated by the 
analysis, and through this medium possibly some 
new thoughts about the nature of the disease have 
emerged. 

In addition to the well known fact that young 
chddren are most frequently attacked, there seem 
to be certain pecuhanties about the disease which 
show that the time or age factor is related to 
susceptibflity throughout the course of growth 
and development Thus, for example the differ- 
ences m growth rhythm between the sick and con 
trol senes is one instance of this force (1) 
Variations in teeth size and placement, fat con 
tours and gemtal irregulanties, and retardations 
provide other examples, while still others are 
found m the bony arrangements of eye zone, eye 


form and folds Finally, the retention by the 
susceptible group of many deielopment cntena 
common to the fetus and infant such as wide 
inter inner canthus space mtemal eyefolds, sep- 
arated inasors, and hyperextensibdity of finger 
jomts still further emphasize the point in the 
field of development The importance of pig- 
ment irregulanties, especially m the form of 
small black spots, is defimtely the most outstand 
mg and obscure feature. In addition to the 
pomts summarized from the first paper, the pres 
ent study deals with the level of matunng achieve- 
ment (age, biological time?) at the moment of 
disease onset the number of the six characters 
present ®nd the location of the paralyses 

CONCLUSIONS 

1 The special constitubonal quahties of per- 
sons susceptible to mfantile paralysis are the re- 
sult of genetic or adverse mtrautenne influences 
and not the product of the disease. 

2 Paralyzed mdrviduals show a higher per- 
centage of a greater number of the six characters 
than do the well 

3 There is a correlation between the number 
of characters a child shows and the age at which 
he was measured. This is true for both para 
lyzed and well children although the former show 
a larger percentage of these characters at every 
age level 

4 There is also a correlation between the age 
of onset of the disease and the number of char- 
acters exhibited at the time of measurement 

5 Both paralyzed and control groups possess 
one or all six characters But m everj character 
the stneken persons possess them m higher per- 
centage Furthermore, the highest percentage m 
any one character of the well group (52 63 per 
cent) 13 only 5 7 per cent higher than the lowest 
of the sick (4754 per cent) In every case the 
percentage difference for a given character is 
significantly higher for the paralyzed group 

6 Individuals stneken before 7 years of age 
have the highest percentage of lower extremify 
paralysis and the least upper extremity and gen 
eral involvemenL Those who develop the disease 
aftir the seventh year show a high percentage of 
upper extremity and general paralysis 
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7 Children stricken iinder seven years of age 
show (J) higher percentage of lower extremity 
paralysis and (2) possess a greater number of 
the six characters 
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Director of the Madison Square Boys' Qub, for his 
courtesy and cooperation m providing the control 
matenak 
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When idiopathic steatorrhea of temperate ch- 
nratea and tropical sprue are compared, certain 
chmeal and biochemical similanties are noted 
Both are chrome diseases dunng which remis- 
sions not infrequently occur, both exhibit a pecu- 
liar fatty and fermentative type of diarrhea with 
bulky foul stools, anemia, sometimes resultmg 
from a defiaency of iron more often of the mac- 
rocytic type IS common in each (1 2 3 4, S) 
The tongue is often sore and the papillae atrophic, 
when the diseases are well advanced oral ingestion 
of glucose causes only a shght elevation of blood 
sugar (3, 6, 7, 8) Rehable anatomical studies 
are few and diagnostic lesions have not been de- 
scribed in either disease (3 8) Owmg to defec 
tive absorption from the gastro-intestinal tract 
there is gradually progressing emaaation Almost 
every sort of recognized defiaency has been de- 
Ecnbed in connection with these syndromes (9) 
Insuffiaent production or absorption of the anh- 
anemia pnnapal found in hver (10) seems to 
lead to the most charactenstic defiaency of sprue 
(2), while hypovitaminosis D and its consequences 
are rather more frequent in idiopathic steatorrhea 
( 1 ) 

Review of the histones of patients with steator- 
rhea points in some cases to the ongin of symp- 
toms as celiac disease m childhood (1, 11, 8), 
m others the disease seems to have developed after 
raatunty (9, 12) Apparently the relationship 
between cchac disease and idiopathic steatorrhea 
has not been questioned recently Thaysen (8) 
regarded the latter as the non tropical equivalent 
of sprue, English mvesbgators, on the other hand 
(1, 3), have not accepted Thaysen'a arguments as 
proof of the identity of steatorrhea and sprue 
Hypotheses with respect to etiology differ some- 
what (1, 2 13), but as a general proposition it 
may be stated that breakdown m the absorptive 


mechanism of the gastro-mtestinal tract produces 
the chmcal syndrome m each condition Whether 
this malabsorption is the result of hormonal or 
dietary defiaenaes is unknown 

Failure to recognize a speafic etiology has led 
to diverse forms of treatment particularly in 
idiopathic steatorrhea. Those who beheve that a 
disturbance m digestion and absorption of starches 
may be of primary importance give special atten 
hon to correctmg that defect (14, 15) , those who 
believe that all defiaenaes stem from defective 
ahsojptjoo of fats (4 fiod hw fst diets 
palliative thosft who focus attention pnmanly on 
defiaenaes sucji as avitarmnosis B or D or lack 
of some pnnaple occumng m liver (2, 17, 18 
19, 20) assign their favorable results to adequate 
replacement therapy still others (11, 13) are 
ojnvmccd that success is achieved only by the 
judiaous combination of all methods of treat- 
ment 

In studying four patients whose clmical his- 
tones, physical status, and metabolic abnormalities 
charactcnzcd them as cases of idiopathic stcator 
rhea evidence for or against the value of any 
particular thertipeutic r^mc has been gathered 
while the subject was on a ngidly controlled diet 
Although the individuals subjective impressions 
of his condition have had to be discounted m 
some instances, th^ have usually comaded >vith 
more objective d^ t^ , such as the weight of the 
body, the weight of the stools, the amount of hpid 
m the stools the degree of anemia the vitanfin A 
absorption and glucose tolerance curves, the con 
centrabon of protein, calaum and inorganic 
phosphorus m the scrum and the caldum, phos- 
phorus, and mtrogen balances These data have 
also served to demonstrate the interrelabon be- 
tween several of the metabolic defects. 
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GENERAL PROCEDURE 

The patients \\ere admitted to the metabolism umt 
after a prehminary period of observ'ation, during which 
the diagnosis was established. The diets employed were 
carefully weighed and fed to the subjects by a nurse, 
especially trained in this procedure. Once a given dietary 
rdgime was begun it ■was contmued without vanafaon of 
the menu until it was thought that the desired informa- 
tion had been obtamed In a few instances experimental 
penods were discontinued when the patient rebelled at 
the monotony of the routsae. 

Care tvas taken to collect the urine and feces quanb- 
tab\ ely The stools were weighed when passed and then 
pooled in penods of three, four, or sue days before being 
analyzed. Carmme ■was used to mark the stools in meta- 
bolic periods of the desired length. Unne collected in 
twenty-four-hour penods was analjrzed daily for mtro- 
gen, aliquot porbons were saved and analyzed for cal- 
aum and phosphorus 


Types of diet Eight different diets were used durmg 
the course of the investigabon. Their composibon is 
showm in Table I ^ It ■wall be noted that the menus in 
several instances were closely similar For example. 
Diet I differed from Diet II only in the substitution of 
banana and monosacchande to replace other forms of 
carbohydrate, likewise Diets VI and VII differed chiefly 
m the omission of skimmed milk from VII, a change 
necessitated by a desire to obtam a much lower intake 
of calcium. Supplements of butter fat and soybean 
phospholipid were used at times to increase the amount 
of Iipid m the low fat diets Repeated analyses of sam- 
ple diets were made for mtrogen, fatty acids, calcium, 
phosphorus, and magnesium When supplementary feed- 
ings of hpid or other relabvely simple foodstuffs consti- 
tuted the sole departure from the basic formula, the 


1 Casec (calcium caseinate) used in the diets was con- 
tributed by Mead Johnson and Company 


TABLE I 

Composttton of diets 
(grants per day) 


Artldo of food 


Diet numben 



1- — 

I 

1 

II 

III 

rv 

warn 

VI 

VII 

VIII 

Orange juice 

50 


1200 

200 

200 

100 

40 

400 

Grape juice 







200 


Prunes 

25 








Stra^vv hemes 





100 




Apple 

120 



120 


100 

100 


Banana 


750 

800 

100 

200 

650 

550 

600 

Tomato 

120 





100 

100 


Peas 

75 








^mach 

Cauliflower 





80 

70 



Onion 








40 

Potato 




100 

100 

100 

100 


Rice 







20 


Shredded w heat 

20 



20 


20 

20 


Bread, white 

62 

12 


122 

60 

120 

120 


Sugar, cane 

25 


50 

25 

35 

30 

35 


Dextrose 


15 






30 

Casec powder 



64 


16 



32 

Steak, tenderloin , 





200 



100 

Steak, round 1 


1 

1 


150 

200 

300 


Li\ er, calv es ' 


1 

1 





100 

Milk, skimmed 



1000 



700 


400 

Milk, whole 

750 

750 


930 

440 




Cheese, cream 




40 





Cheese, Amencan 

36 

36 


36 





Egk 

206 

206 


36 


50 



Cream 40 per cent 

80 

80 


80 

30 

170 

100 


Butter 

25 

23 


30 

15 

40 

55 

10 

Maj-onnaise containing egg and Wesson oil 



1 




25 


Calones (approximately) 

2100 

2200 

2100 

2300 

1900 1 

2900 

2900 

1500 

Analy ses for 


I 



■pm 




Calaum 

1.35 

133 

2 38 

146 


1092 

0 235 

1090 

Magnesium 

0 22 

0 40 

0 60 

0 256 


0 521 

0 442 

0 415 

Phosphorus 

1 67 

1 69 

1 93 

1 53 

^■ISS 

1 808 

1 127 

1.561 

Nitrogen 

11 46 

10 74 

15 59 

9 85 

Hliwil 

15 74 

14 12 


Fatty acids 

104 

100 

28 

113 4 

67 

103 8 

103 1 
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latter was corrected by raalang a separate analysis of the 
snpplcment. 

METHODS 

Reference* to the methods employed In the chemical 
analysis of the blood and of solution* of ash of urme, 
feces and food have been given elsewhere (21) The 
absorption of vitamm A was determined for ns by Dr 
A B McCoord of the Department of Pediatrics (22) 

Prehmmary preparation of sample diets and collec 
tion of feces differed from methods we have used pre- 
vioosly and requires mention- 

Feces The stools for a metabolic period were col 
lected in a large glass jar and If cot frankly diarrheal 
were corered with water and weighed- They were con 
verted next mto a homogenous suspension by means of 
a mechanical stimrig device and laraplcd whfle being 
ftirred- All sampling wa* done by woghL The samples 
removed were for the detenmnatlon of nitrc^fcn, lipids, 
dry weight, and for ashing 

Diets A sene* of sample diets was prepared and di 
Tided info two sets. Those onalyted for nitrogen and 
minerals were liquefied by adding concentrated snlphunc 
aad to about one>thlrd of the onginal weight and heat 
iDg to the boilmg point m a large pyrex beaker The 
hquefied material was cooled weighed, and sampled while 
being stirred rapidly Analyses for Hplds were made 
on diets digested in glass vesseli on the steam bath after 
addition of 50 to 100 grams of solid potassium hydroxide. 
Samphug was performed as in the case of the acid 
digests 

Determmeifon of Upid The wet cxtractloc procedure 
described by Fowweather (23) was used with certain 
modifications suggested to os by Dr R- G Sinclair of 
the Department of Biochemistry 

Food Diet samples were treated with sohd potassium 
hydroxide to approximately 20 per cent of the weight 
of the sample. They were digested on a steam bath in 
a covered flask for forty-dght hours and extracted, 
after aadification, three or four tiroes with ethyl ether 
(24) If an emulsion formed, this was broken down 
by centrifuging before attempting to draw off the ether 
layer The ether extracts were coocentrated in a sep- 
aratory funnel by drawing air throngh it When the 
ether had been r emoved tbe residue was taken up in 40 
per cent alcohol alkalized with 1 per cent potassium 
hydroxide and then readdified with hydrodilonc aad. 
The hpids were extracted with petroleum ether and 
transferred to a apomfication flask, where after evap- 
oration of the ether they were saponified for 30 minutes 
using boiling 95 per cent ethyl alcohol containing 10 
per cent potassium hydroxide. This second saponifica 
tioa appeared necessary to ensure the complete hydrolysis 
of all the neutral fat Water was added to bring the 
concentration of the alcohol to 40 per cent and non 
saponifiable matter was removed by extractioo with 
petroleum ether The soap solution was then addified 
and extracted with petroleum ether The amount of 
noo-saponifiable matter and fatty aad was detennfned 


by evaporation of the respective fractions of petroleum 
ether and weighing the residues. 

Feces The technique devised by Fowweather (23) 
for removal of total hpld from an addified siapenslon 
of feces was followed to the point of removal of the 
first ether extraction The formation of stubborn emul 
sioQS at this juncture was obviated by centrifuging 
After removing the hpids and blowing off the ether tbe 
rtsldne was alkaHtfd and taken up m 40 per ethyl 
alcohol The neutral fat and non-saponifiable matter 
were extracted with petroleum ether The split fat re- 
mained behmd as soap and the fatty aods were extracted 
from these with petroleum ether after addificatkai. 
Neutral fat and non-saponifiable matter were separated 
by an alcohobc saponification and subsequent extraction, 
as in tbe case of food. In using this procedure, certam 
precautions were found necessary These will be re- 
ported elsewhere. 

CASS EEFCXTS 

Case S B 

This case fllustrates the gradual evolution of the syn- 
drome of idiopathic sttatorrhea daring a period of ob- 
servation lasting ten years. 

A male fnmrturc saJesraan, aged 36 years bom fa 
Wisconsin but living tbe remainder of bis life fa tbe 
viamty of Rochester New York, entered tbe Rochester 
Mujuapal Hospital because of rtspiralOTy infections on 
August 3 1927 and again on April 5 193^ At tbe time 
of tbe second adnnssloD complaints of poor appetite 
pyrosis and gaseous distention of tbe abdomen were 
meotjoued but were not investigated. He had had at 
tacks of astlnna between the ages of 24 and 34 coming 
on in August and September but none for two year*. 
He described his bowels as regular the stools as n o r m al 
m consiitcncy and formed. He had always been thin, 
weight varying between 54 kgm. (120 lbs ) and 59 kgm. 
(130 lbs.) Physical examination revealed a small pale, 
undemounshed, cbrcoically ill man. Height 164 an. 
Weight 50 6 kgm. Blood pressure 115/70 The sub- 
cutaneous fat was sparse, buttocks flattened, with marked 
folding of the skin along the natal cleft Several of the 
teeth were canous. Hemoglobm 80 per cent, leukocytes 
8,200 unne normal stool formed Wasserman and 
Kahn reactions were negative. An x ray of tbe chest 
was normal except for a few calafied hilar lymph nodcs- 

In October 1933 the patient entered another hospital 
With as attack of diarrbea lasting ten days and in August 
1934 returned to the Mtmiapal Hospital with the same 
complaint. He appeared wasted and dehydrited- 
Welght 42 kgm. l^e tongue was clean and smooth 
the abdomen was distended, tympanitic, and tender to 
pressure. Bacteriological examination of the feces and 
search for amebae revealed nothing of importance. 
There was definite macrocytic, hyperchromic anemia 
(significant laboratory examinations for this and subse 
quent admissions have been tabulated fa Table II) 
Free hydrochlonc aad (49 ml m/10 add per 100 ml) 
was present fa the fasting gastnc content*. 'D' 
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TABLE n 


Case S B Tabulalum 0/ laboratory data 


Date 

Red 

Wood 

cells 

Hemo- 

globin 

liCoko- 
1 cytes 

Mean 

co> 

I ^ 

' cnlar 
vol- 
, ome 

1 

1 Rgi upt 

1 cJ- 
dam 

' Bennn 
lno> 
Eanic 
phot- 
pbona 

Total 

tennn 

pro- 

tdn 

A Q 
ratio 

Fast- 

ing 

blood, 

SQgar. 

Non- 

pro- 

nltro- i 
gen 

9 

Blood 

pres- 
sore ' 

Wdght 



i 

promt 


at. 

tnoTfi, 

rntrou 

ffmmi 



tn^rm 

per 

etTii 

mm. 

Bo 




mxUlcni 

per 


per 

per 

per 


per j 

per 

ksn. 




eeni 


uiuja 

cait 

cent 

cent 


ctrU 

cent 



Ans. 3 1027 


116 

8300 









116/70 

606 


Apr 6, 1032 

3,5 

log 

■ *551 









80/65 

603 


An*. 15 1031 

33 

12 0 

1*55] 

103 

83 

30 

43 

164 




05/60 

423 

After 80 znl. Gver extract (Lederle) Lm. 81 grams 

Bept. IL 103t 

33 

lU 







69 



453 














iron and arnmordom citrate p.o 

Dec. 8, lost 

36 

123 

16 400 


73 

37 



76 



76/60 

873 

, Loose stools 

J&Q. 23 1035 

23 

10 4 

10 000 




4.9 

133 


21 


00/60 

436 

liver extract (liUy) p o eqnal to 600 grams Uver 

Muy 15. 1035 

335 

117 

12300 

110 

63 

21 

43 

131 


33 


, 65/65 

1 

43 

1 daQyfor21dan 
, Actbra tetany Dianhea 

Jane 8, 1935 


1 


53 

23 




26 


373 

1 Active tetany after parathormone. 20 onlta tx. 



1 










1 daily for 8 days 

Jnly 3,1035 

1 

1 

1 



77 

33 





60 

1 

393 

No more tetany Received viosterol (Bqolbb) 
250 D 40 drope daily 12 da^ liver extract 
p 0 equal to 600 grama Ihrer daily 21 da^ 

No Dver 15 days. Viosterol continued. Bpedal 

July 20. 1935 

2.9 

100 

6,500 

108 

a70 

34 

67 

2.0 

73 




42.8 

Aufi. 21, 1935 

30 

10 0 


87 

4.7 

5^ 

19 




1 

613 

diet 15 da^ 

Viosterol and special diet continued 

liver extract (LOly) 24 mL Lm. and Uver extract 

BcpLlT 1035 

zs 

no 


125 

03 

4.0 

63 

1.86 




00/65 

54.0 

Ans. 6,1935 

4.1 

14 

1 


37 

6.6 




47 

610 

(Ledold 72 mb L xcL 21 days 

Special diet— vlosteroL Ferrous sulphate 11 
mouths 

Viosterol stopped Aug. 6, 1686. Diet as desired— 

July 2,1037 





63 

2.4 

4.7 






430 






1 

1 





1 


S ZQontba. Loose stools — 3 months 


no icterus Stools were soft and unformed, they were 
not examined for fat on this admission 

Because of the anemia 30 ml of liver extract (Lederle) 
was given intramuscularly during seven days The 
reticulocytes increased from 1 per cent to S per cent but 
the red cells and hemoglobm did not increase. Subse- 
quent administration of 34 grams of iron and ammonium 
citrate did not affect the anemia. A biopsy of the 
sternal bone marrow showed hypoplastic erythroid 
elements 

The diarrhea subsided withm 48 hours and the patient 
gained strength slowly He was discharged after one 
month weighing 45 8 kgm. The etiology of the anemia 
and diarrhea ^^•as not determmed. 

Ten days later the patient returned complauung of 
painful gaseous distention of the abdomen A bantim 
enema showed the colon greatly distended and redundant , 
It required four to fi\e times the usual quantity of barium 
suspension to fill it. 

In November 1934 there was another sudden recur- 
rence of diarrhea which led to hospitalization on De- 
cember 8th 

Again there was flatulence, distention, and dull shift- 
ing abdommal pain accompanied by anorexia, nausea, 
and vomiting The patient was profoundly emaciated, 
the weight w’as 376 kgm. Trousseau’s sign was posi- 
tive, Chvostek’s negative. There was hypocalcemia and 
hvpoprotememia (Table II) Stools at first were fluid, 
brown-green, and had a very foul odor The condition 
remamed extremely grave for three weeks Active diar- 
rhea was controlled during the first few days by the 
admmictration of camphorated tincture of opium but 
the stools remained unformed, were grayish m color, 
and sometimes contained traces of occult blood. Fluids 


were given parenterally On January 6, 1935, he had 
recovered sufifiaently to be able to take a more liberal 
diet Liver extract (Lilly) equivalent to 600 grams of 
whole liver was taken daily by mouth for 21 days 
There was little improvement, and he was discharged 
to the County hospital for contmued care. Weight 43 
kgm. The nature of his disease was still unrecogmzed 
He left the County Hospital after 10 weeks and re- 
entered the Municipal Hospital during a severe relapse 
on May 16, 1935 Besides diarrhea there was now active 
tetany An x-ray of the right knee joint showed marked 
atrophy of the bony structures Fine opaaties on the 
cortex of each lens were noted on examination of the 
eyes with the sht lamp The weight declined from 43 
to 37 kgm. dunng a period of 30 days Intramuscular 
parathormone, intravenous calcium gluconate, calcium 
lactate by mouth and 45 drops daily of a solution of 
viosterol in oil (Squibb 250 D) were given with some 
rehef of tetany The stools decreased to 3 or 4 daily 
after a few days of rest m bed, but nausea and abdominal 
distention and discomfort persisted. Oral hver extract 
(Lilly) equivalent to 600 grams fresh liver daily was 
admimstered for 31 days There was no improvement 
In July 1935 the diagnosis of idiopathic steatorrhea 
was made and the diet was altered radically The patient 
was given a diet of 1,500 calories, low m fat, relatively 
high m protein, and with all starchy foods replaced by 
monosaccharides and banana, Viosterol was continued. 
Within ten days crampy abdominal pam and gaseous dis- 
tention, almost constant features of the ilbess for 18 
months had disappeared. The appetite returned, and the 
stools gradually became formed. The caloric intake was 
increased slowly by the addition of more ripe banana, 
orange juice, cream, and butter to the diet until ap- 
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proxunatdy 4,000 calones were taken daily When re- 
hjrn of appetite, formed ftools, increase m strength, and 
a gain m weight of 8 kgm. mdicated that conralesceoce 
was well established, it was deaded to test the efltect of 
liver extract on the anemia, until now unchanged. Ac 
cordingly during a period of 40 days the patient was 
given 24 ml of concentrated Ihrer extract (hilly) intra 
ransctUarly followed by 72 mL of intramoscalar hver 
extract (Lcderle) As on previous occasions the anemia 
was not affected. 

Reco ve ry cootinued and at discharge in September 
1915 the weight bad increased to 54£ kgm. 

The diet presenbed in the hospital was followed at 
home for eleven months Ten grams of caloum lactate, 
4 mL of syrup of ferrous sulphate and 10 drops of vios 
terol (250 D) were taken daily The red cells increased 
slowly to 4 million, and the hemoglobin to 14 grams per 
100 ml serum calcium and inorganic phosphorus re 
maiocd within normal limits stools were partially formed 
but more than 40 per cent of the dry weight was Hpid. 

In August 1936 he stopped taking medicadoa and 
began to e xpe r im ent with his diet Aside from the fact 
that he ate liver once or twice weekly his personal pref 
ercocc was permitted to dictate his choice of foods. 
He began to lose vraght and strength on this regime 
and in Mardi 1937 complained of itIdFness of the hands. 
The stools were more frequent and were loose. The 
serum calaura decreased to 6,1 mgm per cent, the mot 
gadc phosphorus to 27 mgm. per cent but there was 
no frank tetany He continued to become gradually 
worse until his adnusaion to the metabolism unit July 

I 1937 

Data (drtalned on this admission have been referred 
to In the text of this report. He left the hospital against 
advice oo July 25 1937 Three days later the right 
knee became tender and swollen, followed m another day 
or two by a painful swelling of the right ankle. He was 
readmitted to the hospital oo August 3 1937 

Joint involvement was present as noted above m ad 
diban several moderate slied ecchymobc spots were 
found on the lower legs whldi according to the patients 
stat emen t, were unrelated to trauma. The urine was 
found to be grossly bloody the stools gave a positive 
guaiac test for blood and blood withdrawn on vcnl 
puncture dotted only after 40 minutes, Qot retraetkm 
was poor and the clot was friable. Bleeding tune was 

II minutes Platelets were present in abundance in a 
smear of blood from the finger Rumpel Lcede test for 
capillary fragility was ncgatiTC. When as httfe as OJK 
mL of normal serutn was added to 2 mL of the patients 
blood a firm dot was obtained in 6 minutes. Without 
normal serum dotting oc c ur r ed in 35 to 55 mmutes. Fi- 
brin could not be obtained from oxalated plasma by 
recaldficatlon until a small amount of normal serum 
was added. Fibnn thus determined was 270 mgm. per 
100 mL plasma. 

The picture seemed to fit Fanconfs description of 
purpura fubidnans (hypothromblnemla) (25) more 
dosdy than that of scurvy 


He was given a diet low m fat, high in protein, and 
large amounts of orange juice. Ascorbic aad was given 
intravenously in doses of 02 gram dally on two succes- 
sive days and oo the third day 0 11 gram. Bleeding 
continued although the dotting time had fallen to 18 
minutes Transfusions of compatible blood in amounts 
of 500 mL were given on August 8th 21st, and ^th. 
Following the third transfusion, blecdmg from the urm 
ary tract and from the bowel gradually diminished bat 
did not cease altogether until September 25 Subsequent 
to each transfusion there was a decrease m dotting tune 
and m the loss of blood from unne and stooL Ultimate 
recovery however seemed to depend upon the gradual 
replacement of some factor essential to the normal dot 
ting of blood which probably was obtamed from the diet 
The condibon of the patient since discharge on Sep- 
tember 27 1937 has remained unsatisfactory Diarrhea 
has been infrequent as long as the low fat, low starch 
diet has been ngwlly followed. 

In February 1938 he contracted an upper respiratory 
Infecbon and began to have diarrhea agam On Feb- 
ruary 24 1938, he was readmitted because of a ques 
donable hemorrhage m the left groin and hematuria. 

August 29 1935 

Typical ^ucett teUnnet after tngetiipn 
of 50 frame of tfucost 

Time. Fasting 30 60 90 120 

Blood glucose, mgm per cent 80 83 93 95 93 

September 17 1935 

Vitemtn A ahsorptunt (tfler tnytrfwn qf 
JO mj of haltver oU • 

Time, hows Fasting 2 4 6 9 12 24 

Vitamin A per 

100 mJ plasma 13 15 21 53 44 64 30 

August 30 1935 

Plasma Nptds 

Total hpid 559 mgm per 100 mL 
Neutral fat 159 mgm. per 100 mL 
Total fatty aad 333 mgr o . per 100 mL 
Total cholesterol 159 mgm per 100 mL 
Ester cholesterol 97 mgm per 100 mL 
Phosphohpld 176 mgm per 100 mL 

Case J B 

A woman 48 years old entered the Medical Clinic 
on December 2, 1932, complaimng of (I) pain in the 
back and legs made worse by walking straining 
coughing or sneezmg (2) a sore tongue, (3) urgency 
and frequency of urmaboo, (4) swdUng of the legs, 

* The dose of hahver oil which was used m the vitamin 
A absorption test was estimated on the basis of body 
weight and vitamm A potency of the particular sample 
of on available at the time. Each subject received ap- 
proximately 7 000 LU of vitamin A per kilogram of 
body weight 
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(5) recurrent episodes of diarrhea in which the stools 
were ^\hlte and frothy, (6) loss of waght of 20 
pounds She was bom in South Dakota and had 
never lived m the tropics or in the Southern United 
States 

Past history revealed many years of chrome in- 
validism At the age of 3 a febnle illness was fol- 
low ed by abdominal distention. During the subse- 
quent 8 to 9 years abdomuial paracentesis for removal 
of fluid was performed on a number of occasions 
Tuberculous peritonitis was suspected at the time. 
During adolescence health was fair but at 20 years 
bouts of diarrhea began with large, pasty, and some- 
times foamy stools The general course has been 
one of exacerbation and remission since. In 1926 she 
was admitted to another hospital where a macrocytic 
type of anemia was discovered 

Physical examination Weight SO kgm., height 161 
cm , blood pressure 90/50 A small rather poorly de- 
veloped thin woman with marked dorsal kyphos 
Skin w'as dry, inelastic, and scaly over the lower trunk, 
with diffuse brownish pigmentation of the face and 
about the neck. The muscles were flabby and of poor 
tone. The spine was moderately tender to percussion 
and the nbs to pressure The eyes, ears, and nose 
were not remarkable The jaws were edentulous, and 
the tongue was smooth and red The heart and lungs 
were normal The abdomen showed marked gaseous 
distenhon but no fluid. The liver was palpable at the 
costal margin Positive neurological findings were 
hyperesthesia below the level of the fifth dorsal ver- 
tebra, vibratory and position sense intact 

Unne wras mfected with colon baalh but no tubercle 
bacilli were found in it either by direct examination or 
after injection into a guinea pig 

Stool was soft and imformed, 57 per cent of the dry 
weight was hpid 

Blood Red cells 3 4 million , hemoglobm 11 grams 
per 100 ml , leukocytes 5,500 A smear revealed many 
macrocjdes 

Gastric analysts revealed free hydrochlonc aad equiva- 
lent to 30 ml x/10 acid per 100 ml, gastric juice after 
injection of histamme. 

Glucose tolerance after mgestum of 50 grams of glucose 

Time, minutes Fasting 30 60 90 120 

Glucose in blood, mgm per 

cent 76 92 87 83 78 

Roentgenograms (I) Chest, slight prommence of left 
ventricle and aortic knuckle but otherwise normal, (2) 
barium enema, moderately dilated colon, (J) antero- 
postenor abdommal film, marked diffuse decalcificahon 
of the lumbar vertebral bodies and the pelvic bones , (4) 
gastro-intestinal senes Spastic pvlonc sphmeter, greatly 
mcreased penstaltic activity of the duodenum with de- 
lajed emptvnng, suggesting obstruction. 

In view of the apparent duodenal obstruction and per- 
sistent complaint of burning sensations in the center of 
the abdomen an cxploratorj laparotomy was performed. 
The duodenum was markedly dilated. The mesentery 


of the small bowel was unusually fatty and no blood 
vessels could be seen through it The paraduodenal 
fossa was quite deep and the operator considered the 
possibility that prolapse of the bowel mto it might have 
caused obstruction. No lesion, adhesion, or congenital 
band that could have caused obstruction was found A 
mesenteric lymph node was removed for microscopic 
examination The pathologist reported a mild chronic 
non-tuberculous lymphadenitis 

Recovery from the operation was uneventful, and the 
patient was discharged on March 2, 1933, somewhat 
improved. 

She was readmitted on January 3, 1936, because of a 
recent fracture of the right greater trochanter, and frac- 
tured nbs following a slight fall Other x-rays taken 
on this admission disclosed old mfractions of the right 
femoral shaft and pubic bone probably the result of 
decalafication with pathological fractures The dorsal 
spme was affected by diffuse atrophy and collapse of 
many of the vertebral bodies produemg a profound 
kyphos The picture was one of advanced osteomalaaa 

The serum calcium was 80 mgm per cent, morganic 
phosphorus 2 3 mgm per cent and total protem 5 8 
grams per cent Glucose tolerance was the same as pre- 
viously reported. 

Vitamin A absorption after 5 ml of haliver oil 

Time, hours Fasting 2 4 6 9 12 24 

Vitamin A, units per 

lOOml Plasma 9 11 15 31 25 32 19 

Free hydrochloric aad which had been present in the 
gastnc contents on the 1932 admission was now absent 
after mjection of 0.5 mgm. of histamine. The red blood 
cells numbered 3 8 million, and the hemoglobm 11 4 grams 
per 100 ml The admmistration of 46 ml of liver ex- 
tract concentrated (Lilly) by mtramuscular mjection 
during an interval of two weeks has been referred to 
elsewhere. It seemed to be accompanied by subjective 
improvement, but m the absence of a reticulocyte re- 
sponse, rehef of anemia, change m the chemioil analysis 
of the feces or gam m weight, we were unable to evaluate 
Its effect The subsequent course of the patient has been 
unsatisfactory She has remained a chronic invalid and 
has cooperated poorly, retummg only at rare intervals 
for advice with respect to diet and medication. 

Case R. G 

A clergyman, aged 43 years, had had penodic attacks 
of diarrhea for 20 years Except for a few months 
spent m the Southwestern United States he had always 
hved m the Northern States or m Canada. Six months 
pnor to admission he became mcapaatated because of 
loose, voluminous stools, loss of weight and strength, 
anorexia, nausea, flatulence, and burmng sensations in the 
epigastrium. He described a recent attack of tetany 

Physical examination Weight 53 kgm., height 168 
cm., blood pressure 98/80 

Appearance was that of moderate undernourishment. 
Tongue was dean, red with atrophic marginal papillae. 
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Abdomen vraj moderately dirtended with gas Examina 
boo of the hearty lungs abdominal organs, genltalu and 
rectum were nonnaL Neurological examination revealed 
DO signs of tetany Tendon reflexes were sluggish and 
eliatcd m the lower extremities only after remforceroenL 
There was no less of vibration or posrtion sense, 

Urme was normaJ Stools were very large, one passed 
shortly after admission weighed 900 grams, was of pale 
grey color soft In consistency, unformed, with a foul 
and sour odor Fifty-eight per cent of the dry weight 
was Hpid, The gualac test for blood was negative. 

Blood count December 31 1936 Red cells 37 milhon, 
bemoglobm 12.1 grams per 100 mb, leukoqrtes 5 400, 
mean corpuscular volume (Wmtrobe) 100 cu. ml 

Blood chemistry Semra cakium 67 mgm. per cent 
inorganic phosphorus 1J6 mgm. per cent total proton 
57 grams per cent nonprotem nitrogen, 32 mgm. per 
cent 

GastrK analysis No free HO In fasting specimen. 
After 50 ml of 7 per cent alcohol free HO was present 
equivalent to 23 mb k/ 10 acid per 100 ml of gastric 
contenb 

Giucou toUranu afler inpstton of 60 framt of tlucou 
Time minutts Fasting 30 60 90 120 180 

Glucose in blood mpn 

per com 77 82 101 99 101 90 

Vtiamin A absorption after iniisiion of 10 tnJ of haJher oU 
Time, hours Fasting 2 4 6 9 12 24 

VltaminAtVsi/s 

per 100 mi 

ptasma 44 74 59 14 4 84 15.9 94 

X-roy of the dorsal spme showed marked osteoporosis. 

Response to therapy Admlnistratioa of Intramuscular 
liver extract (Lilly) In counectioa with a high fat diet 
as described In the following paper (27) failed to cause 
improvement m the steatorrhea there was no retIcaIo<grtc 
response and after a month of treatment the red blood 
cell count was still 37 mlllloa and the hemoglc^m 12.4 
grams per 100 mb With ingestion of a low fat diet, 
containing carbohydrate mostly In the form of mono- 
saccharide, the stools became normal m appearance and 
nearly normal in their content of hpid. There was some 
gain m weight (about 2 kgm.) on this regime but no 
change of note m the blood. A vitamin D concentrate 
was now given without change m the diet The weight 
remamed the same but strength itnprored as did the 
anemia and the caldum and Inorganic jrfiosphorus content 
of the serum. At time of discharge on June 24 1937 the 
red blood ccH count was 4.68 mllHoa, and hemoglobin 
14 grains per 100 mb 


Since leaving the hospital the patient has taken a diet 
containing about 80 grams of fat, relatively Hgh in pro- 
tern and has practically excluded starchj foods from 
the menu. He has gained 10 kgm. in weight and has 
had no recurrence of the sy mp toms of steatorrhea. 


Case P A 

This patient entered the clmic on February 8 1935 at 
the age of 14 years His complaints at that time were 
weakness, poor appetite, and failure to grow normally 
during a penod of five years. 

Physical exammation. Weight 31 4 kgm., height 136 
cm. blood pressure 94/58 

The principal findings were poor development, pallor 
carious teeth and a large protuberant abdomen. 

Urine was normal Stools were soft, unformed, and 
of foul odor 57 per cent of the dry weight was hpid 
A guaiac test for blood was negative. 

Blood count Red cells AS milhon, hemoglobin lOJI 
grams per 100 ml., leukocytes 8,600 A smear showed 
rather small red cells poorly filled with hemoglobin. 

Blood chemistry Senun caldum 92 mgm per cent 
inorganic phosphorus 51 mgm. per cent, total protein 
62 grams per cent nonprotehi nitrogen 29 mgm, per 
cent plasma fatty adds 215 mgm. per lOO ml phos 
phohpid 50 mgm. per 100 ml cholesterol 103 mgm. per 
100 mb 


Clucost tolemnce after tntesiton of 44 froow of 

Time mtnuies Fasting 30 60 120 180 

Glucose in blood mpi percent 74 77 74 78 85 


Vtiarmn A absorption after intesiion 3 nd of hdltver oil 
Time, hours Fasting 2 4 6 9 12 24 

Vltar^D A, umls per 

100 ml plasma 12 10 10 19 20 20 16 


Intracutaneous tuberculin test negative. 

Course After a year on a diet low m fat high In 
protein and containing carbohydrate largely m the form 
of fruit jmces and banana, the weight had Increased to 
453 kgm. and the hdght to 151 an. Many of the stools 
were qmte normal in appearance, others were soft and 
grey The fecal lipid had decreased to about 35 per cent 
of the dry weight of the stool 
November 3 1936 he was admitted to the metabolism 
umt for study as described m the text Some of the 
laboratory data not listed elle^vhe^e follmv 
Blood count November 3 1936, red cells 5 1 million, 
bemoglobm 127 grams per 100 ml., red cell hematocrit 
383 per cent mean corpuscular volume 73J cu. mb 
mean corpuscular hemoglobin 25 ml, mb 


Glucose tolerance after in[estion of 60 trams of ilucose 


Time, minutes Fasting 

CTucoee in blood mfm, 
per cent 81 


30 60 90 120 180 
116 108 99 86 69 


Vitamin A absorption after tniestion of 10 ml of haJtoer oil 


Time hours Fasting 

Vitamin A, units per 100 nil 
plasma 103 


2 4 6 9 21 
13 27 27 38 21 


Glucose tolerance after intesiion of 46 trams of tlnsose 


Time, minutes Fasting 

Glucose In blood rngm per 
cent 97 


30 60 120 180 

105 102 96 95 


Vtiatmn A absorption after tn^ton of 10 cc of haJtvcr oil 


Time hburs Fasting 

Vitamin A, umls per 100 ml 
plasma 11 ^ 


2 4 6 12 24 
12 42 42 13 11 
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The blood serum was also analyzed for calaum and 
morgamc phosphorus on a number of occasions, both 
before and after admmistration of luer extract and the 
vitamm D concentrate. Representative values were cal- 
cium 10 mgm. per cent , morgamc phosphorus 4 8 mgm 
per cent Neither form of medication appeared to m- 
fluence these values, nor was the blood count changed 
from that of November 3, 1936 
The patient has contmued the dietary regime instituted 
pnor to the metabolic study and when last seen on Oc- 
tober 14, 1937 he weighed 52 kgm and his height had 
mcreased to 162 cm. 

Effect of constant dtet on fecal lipids The 
ingestion of a constant diet by subjects with either 
severe or mild steatorrhea led after an interval 
of several days to a fairly constant average elimi- 
nation of hpid m the feces Since the seventy 
of the steatorrhea was apparently a measure of 
the disturbed absorption of fat, the effect on fat 
absorption of different procedures could readily 
be tested after the average loss of fat on a given 
dietary regime had been established The fecal 
hpids of the juvenile patient were but httle above 
the normal level when the intake of fat was high 
(Table III) In the two more severe cases the 
fecal loss ^vas m excess of 50 per cent of the 
intake A considerable vanabihty m the amount 
of lipid excreted was noted in short metabohc 
penods and seems to have resulted from imavoid- 
able errors in the demarcation of feces, which 
were usually soft and sometimes diarrheal in char- 
acter 

In general the amoimt of fecal fat rose and 
fell parallehng the dietary fat Appreaable 
changes in quantity of fecal fat could, however, 
be brought about by alterations in diet and medi- 
cation which did not involve an increase or de- 
crease m dietary fats These will be discussed 
in their proper sequence 

Little tendency toward spontaneous exacerba- 
tions or remissions was noted dunng intervals of 
a month or more In one case steatorrhea was 
increased dunng an acute respiratory infection 

Dietary carbohydrate and steatorrhea While 
one gains the impression from the hterature that 
intolerance of starch may be as much a fault m 
steatorrhea as intolerance of fat, the effect of 
starch on fat tolerance does not appear to have 
been studied quantitatively An effort m this 
direction was made in Case J B who was given 
a diet containing both fat and starch for 15 days 


TABLE m 

Lipid excrelton in severe and mild steatorrhea 
{Daily average in grams) 


1 

Diet 

Period 

1 

Kumber 

Fecal 

Total 

Fatty 




Fatty 
adds j 

number 

of days 

weight 

lipid 

adds 

Numter 






Case r g 


VI 

104 

2-i 

10 

380 

48 8 

46 5 


104 

5-9 

IS 

459 

56 0 

53 7 


104 

10-12 

9 

469 

54 9 

52 3 



Case 

P A 




VI 

104 

1-3 

12 

185 

13 6 



104 

4-7 

21 

168 

14 1 

12 5 


104 

8-10 

18 

1 

175 

13 8 

1 

12 4 



Case 

S B 




VIII 

4-50 per cent 

23 

2 

4 

210 

21 2 

17 3 

86* 

3 

2 

340 

45 7 

41 7 


23 

4 

4 

173 

21 0 

18 3 


23 

5 

4 

142 

23 1 

201 


23 

6 

3 

152 

17 9 

14 8 


• Includes butter fat supplement 


(Diet I, Table IV) Dunng the succeeding 18 
days most of the carbohydrate of the diet was 
replaced by npe banana (Diet II) There was 
a shght, but probably not sigmficant, decrease in 
the fatty aad content of the feces , nitrogen, cal- 
aum, and phosphorus balances were not mate- 
nally affected 

Some improvement might have been expected 
if the carbohydrate of the banana was more 
suited to the needs of the patient than starches 
(14, 15, 26) For example, less destruebon of 
carbohydrate by mtesbnal fermentabon might 
have led to better absorpbon and so to a higher 
calonc intake A higher calonc intake from car- 
bohydrate because of its protan spanng acbon 
might then have been reflected in increased mtro- 
gen retenbon A shghtly negabve mtrogen bal- 
ance dunng the banana penods, however, did not 
point to a protan spanng acbon of this diet 

The weight in '•"eased approximately 0 7 kgm 
but the well knoivn hydrolability (25) in this 
disease is such that no significance can be attached 
to small changes m weight 

Smee no correlabon between steatorrhea and 
the quahty of the carbohydrate was nobced in 
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TABLS IV 

Simmary of meiabolim siadtts Cast J B 
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* Inclodes phosphate pven aa medicatiaa. 
f lodudes calaum chtonde ehren medication 
X iO 000 Vitamin D umte dally Intramuscularly 


J B , CO further speafic attempt was made to 
change the carbohydrate fraction of the diets 
without altering either the amount or source of 
fat, and consequently less attention was given to 
this phase of metabolism than it apparently de- 
served* Later, while studying Case R* G , it be- 
came evident that some factor m addition to mal 
absorption of fat took part in the production of 
his steatorrhea* While observing his response to 
a low intake of fat and to vitamin D (Table V), 
It was found that supplements of butter fat were 
well tolerated The diet to which these supple 
mcnts were added (Diet VIII) contained very 
httle starch, while the control diet (Diet VI) 
contamed bread, nee and potatoes as well as large 
amounts of cream Butter supplements even- 
tually raising the intake of fatty aads of Diet 
Vin to 91 grams daily were given m Penods 38 
to 41 (Table V) without increasing the steator- 
rhea As the intake of fat now approached that 
of the control diet, the latter was substituted for 
Diet Vin (Penod 42) The patient promptly 
developed abdominal distention and buDq^ gaseous 
fatty stools Whether this response was caused 
entirely by the combination of fat and starch m 


the diet or whether it was m part a result of the 
psychic upset caused by his repugnance for the 
particular menu m question, or to some other 
factor could not be established with certainty 
After three days he refused further cooperation 
until the low fat diet was resumed Since leav- 
ing the hospital there have been several occasions 
on which he has attempted to mclude bread, ce- 
reals, and potatoes m the diet, always with the 
result that he became worse This is perhaps 
further evidence mcnminatmg starchy foods m 
bis case* 

E§ect of low fat d^€ts Two very low fat diets 
containing most of the carbohydrate m the form 
of fnnt juices and banana were given* CaseJ B 
received Diet III containing no meat, while Cases 
R* G and S B were given Diet VIII containing 
lean meat and hver The former diet was lower 
m fat, furnishing by actual analysis less than 3 
grams of fatty aad daily The energy value of 
Diet Vm as originally planned was too low, and 
after a prehmmary tnal it was increased by 50 
per cent bringing the intake of fatty aads up to 
approximately 23 grams daily and calones to 2200 

Diet III was tolerated by J B , and there 
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The blood senim was also analyzed for calaum and 
inorganic phosphorus on a number of occasions, both 
before and after adnunislration of liver extract and the 
vitamin D concentrate. Representative values were cal- 
cium 10 mgm. per cent , morgamc phosphorus 4 8 mgm 
per cent Neither form of medication appeared to m- 
fluence these values, nor was the blood count changed 
from that of November 3, 1936 
The patient has contmued the dietary regime instituted 
prior to the metabolic study and when last seen on Oc- 
tober 14, 1937 he weighed 52 kgm. and his height had 
mcreased to 162 cm. 

Effect of constant diet on fecal hpids The 
ingestion of a constant diet by subjects with either 
severe or mild steatorrhea led after an interval 
of several days to a fairly constant average ehmi- 
nation of hpid in the feces Since the seventy 
of the steatorrhea was apparently a measure of 
the disturbed absorption of fat, the effect on fat 
absorption of different procedures could readily 
be tested after the average loss of fat on a given 
dietary r^me had been established The fecal 
hpids of the juvemle patient were but httle above 
the normal level when the mtake of fat was high 
(Table III) In the two more severe cases the 
fecal loss ^vas in excess of 50 per cent of the 
intake A considerable vanabihty m the amoimt 
of hpid excreted was noted m short metabolic 
penods and seems to have resulted from unavoid- 
able errors in the demarcation of feces, which 
were usually soft and sometimes diarrheal m char- 
acter 

In general the amount of fecal fat rose and 
feU parallehng the dietary fat Appreaable 
changes m quantity of fecal fat could, however, 
be brought about by alterations in diet and medi- 
cation which did not involve an increase or de- 
crease in dietary fats These will be discussed 
in their proper sequence 

Little tendency torvard spontaneous exacerba- 
tions or remissions rvas noted during intervals of 
a month or more In one case steatorrhea was 
increased dunng an acute respiratory infection 

Dietary carbohydrate and steatorrhea While 
one gams the impression from the hterature that 
intolerance of starch may be as much a fault in 
steatorrhea as intolerance of fat, the effect of 
starch on fat tolerance does not appear to have 
been studied quantitatively An effort in this 
direction nas made in Case J B nho was given 
a diet contaimng both fat and starch for 15 days 


TABLE m 

Ltptd excretion in severe and mild steatorrhea 
{Daily average in grams) 


Diet 

Period 1 
number 1 

] 

Number j 
of days 1 

Fecal 

weight 

Total 

Upld 

Fatty 

adds 

Number 

Fatty 

adds 

Case r g 

VI 

104 

2-4 

10 

380 

48 8 

46.5 


104 

5-9 

15 

459 

56 0 

53 7 


104 

10-12 

9 

469 

54 9 

52 3 



Case 

P A 




VI 

104 

1-3 

12 

185 

13 6 



104 

4-7 

21 

168 

141 

12 5 


1D4 

8-10 

18 

175 

13 8 

12 4 


Case s b 


VIII 

23 

2 

4 

210 

212 

17 3 

-}-50 per cent 

86* 

3 

2 

340 

1 

45 7 

417 


23 

4 

4 

173 

210 

18 3 


23 

5 

4 

142 

23 1 

201 


23 

6 

3 

152 

17 9 

14 8 


* Includes butter fat supplement 


(Diet I, Table IV) Dunng the succeeding 18 
days most of the carbohydrate of the diet was 
replaced by npe banana (Diet II) There was 
a shght, but probably not significant, decrease in 
the fatty aad content of the feces, mtrogen, cal- 
aum, and phosphorus balances were not mate- 
nally affected 

Some improvement might have been expected 
if the carbohydrate of the banana was more 
siuted to the needs of the patient than starches 
(14, 15, 26) For example, less destruebon of 
carbohydrate by mtestmal fermentabon might 
have led to better absorpbon and so to a higher 
calonc intake A higher calonc intake from car- 
bohydrate because of its protan spanng action 
might then have been reflected in increased mbo- 
gen retenbon A sbghtly negabve mtrogen bal- 
ance dunng the banana penods, however, did not 
point to a protan spanng acbon of this diet 

The weight increased approximately 0 7 kgm 
but the well known hydrolability (25) m this 
disease is such that no significance can be attached 
to small changes m waght. 

Since no correlabon between steatorrhea and 
the quahty of the carbohydrate was nobced in 
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TABLE IV 

Summary of metaifolum studies Cast J B 
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04 
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• Include! phosphate given oi medication, 
t Includes caldom cMmde given as medication 
^ JO 000 Vitamin D units diiJ^ istrsmniciiUrl/ 


J B , no further specific attempt was made to 
change the carbohydrate fraction of the diets 
without altcnng either the amount or source of 
fat, and consequently less attention was given to 
this phase of metabolism than it apparently dc 
served. Later while studying Case R, G , it be- 
came evident that some factor m addition to raal 
absorption of fat took part in the production of 
his steatorrhea While observing his response to 
a low intake of fat and to vitamm D (Table V), 
it was found that supplements of butter fat were 
well tolerated The diet to which these supple- 
ments were added (Diet VIII) contained very 
Uttle starch while the control diet (Diet VI) 
contamed bread nee, and potatoes as well as large 
amounts of cream Butter supplements even 
tually raismg the intake of fatty aads of Diet 
Vill to 91 grams daily were given in Penods 38 
to 41 (Table V) -without increasing the stcator 
rhea. As the mtake of fat now approached that 
of the control diet, the latter was substituted for 
Diet Vm (Penod 42) The patient promptly 
developed abdominal distention and bulky gaseous 
fatty stools Whether this response was caused 
entirely by the combination of fat and starch m 


the diet or whetlier it was m part a result of the 
psychic upset caused by his repugnance for the 
particular menu m question or to some other 
factor could not be established -with certainty 
After three days he refused further cooperation 
until the low fat diet was resumed Since leav- 
ing the hospital there have been several occasions 
on which he has attempted to mclude bread, ce- 
reals and potatoes m the diet, always -with the 
result that he became worse. This is perhaps 
further CYidence incnminabng starchy foods in 
his case. 

Effect of low fat diets Two very low fat diets 
contaimng most of the carbohydrate m the form 
of fruit juices and banana were gjiven. Case J B 
received Diet III contaming no meat, while Cases 
R, G and S B were given Diet VIII contaimng 
lean meat and hver The former diet was lower 
in fat, fumishin|f by actual analysis less than 3 
grams of fatly aad daily The energy value of 
Diet VIII as on^nally planned was too low, and 
after a preliminary tnal it -was increased by SO 
per cent bringing the mtake of fatty aads up to 
approximately 23 grams daily and caloncs to 2200 

Diet III -was -^ell tolerated by J and there 
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■was almost immediate improvement in the stools, 
which changed from soft, pale, greasy, and un- 
formed to normal color and consistency (Table 
rV, Penods 16 to 19) Complamts of bloating 
and anorexia were no longer mentioned Nitro- 
gen balances were shghtly positive dunng this 
time There was a shght loss of calaum and 

f FATTY ACID 104 CM. 

cASCJ.a 1 nitrogen i iacm. 

I CAUmiES 2200 


STOOL CALCIUM PHOSPHORUS 

FATTY ACID BALANCE BALANCE 

fi— 



AVERAGES PER OlEM - 15 OATS 
PERIODS I -5 


phosphorus from the body m spite of a higher 
intake of these elements The concentration of 
serum calaum increased and the morgamc phos- 
phorus decreased The changes in the blood have 
been discussed m more detail in another paper 
(27) 

Fecal analysis showed a marked decrease in 

f fatty acid 3 GM. 

“■^'1 NITROGEN IS.6CM. 

L CALORIES 2200 


CALCIUM PHOSPHORUS 

BALANCE BALANCE 



AVERAGES PER DIEM - 12 DAYS 
PERIODS 16-19 


CASORjG. 





DIET 

V7TT 


TATTY ACID 23 CM 
NITROCEN 2IiCM. 
CALORIES 2S50 


PHOSPHORUS 

balance 


MfQ. 

ZtOj 

200 -I 
160 
ISO 
I40-] 

130 -I 
120 
110 
lOOH 
90 
SO- 
TO 
60* 
60- 
40- 
30- 
20 - 
10- 


AVERAGES PER CHEM - 9 DAYS 
PERIODS 10-12 


STOOL 
TATTY ACrO 




PHOSPHORUS 

BALANCE 



AVERAGES PER DlEM - 10 DAYS 
PERIODS 21-22 


Fia 1 CAiJdUii-PHospHORtJS Balances of Cases J B and R, G on High and Low Fat Diet 
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the amount of lipid and the moist and dry weights 
also decreased This form of diet abolished the 
steatorrhea and with it many of the more un 
pleasant symptoms The comparatively short 
time allotted to this study did not permit deduc- 
tion with regard to ultimate effects One may 
safely conclude, on the basis of calaura and phos 
phorus balances that steatorrhea was not the only 
factor leading to loss of these elements from the 
body (Figure 1) 

The effect of the second type of low fat diet on 
R- G was equally satisfactory Within 48 hours 
the stools became formed abdominal discomfort 
largely disappeared and the fecal lipids decreased 
from about 49 to 12 grams a day (Table V) As 
previously stated, R. G was quite tolerant of 
supplementary fats added to this diet after he had 


received vitanun D Case S B , on the other 
hand, exhibited less mitial tolerance for Diet VUI 
and reacted unfavorably when butter supplements 
were added to it (Table VI) AVhde ingesting 
23 grams of fatty aads he excreted 17 grams and 
after mcreasing the intake to 86 grams by addi- 
tion of butter be excreted 42 grams Otmously, 
a greater amount of fat was retained at the higher 
level of intake but the patient was subjectively 
worse , the stools increased in weight and became 
soft In summary, it may be stated that low 
mtakes of fatty aad caused a prompt decrease 
m the fecal hpid and subjective improvement in 
three patents, but did not prevent loss of calaum 
from the body When fat was practically ex- 
cluded from the diet (Case J B ) fecal lipid was 
shll less than the amount ingested. The evidence 
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IS, therefore, against excretion of hpid into the 
bowel as an important factor m the mechanism of 
production of idiopathic steatorrhea. 

Effect of oral administration of sodium glycero- 
phosphate Verzar and Laszt (28) have sug- 
gested that formation of glycerophosphate m the 
intestine may be necessary for phosphorylation 
and absorption of fatty aads Macrae and Mor- 
ns (29), on the other hand, thought that the 
increased aadity of the small intestine after ad- 
mmistration of sodium aad phosphate was re- 
sponsible for better absorption of fats and min- 
erals A careful study of Verzar’s experimental 
results shows that the effects he obtained may 
well have been caused by changes in the reaction 
within the mtestmal loop At pH’s of 7 or greater 
there ivas httle absorption of fatty aad, while at 
a lower pH the absorption improved In this 
respect at least they confirm the results obtained 
by Macrae and Moms 

The admimstration of sodium glycerophosphate 
failed to improve Case J B ’s steatorrhea, on the 
contraiy it was made worse (Penod 22, Table 
IV) The diet m this instance did not conform 
to the ongmal control, since the patient refused it 
A similar diet (IV) was substituted in its place 
In penods (20 and 21) servmg as controls, the 
fecal hpids were surpnsmgly low, even though 
the intake of fatty aads was shghtly higher than 
before This moderate decrease of fecal fatty 
aads may have been owmg to failure to develop 
immediately the charactenstic rapid passage of 
intestinal contents or to somewhat better absorp- 
bon of the mixture of fatty aads mcluded in this 
diet 

Admimstrabon of 12 grams of sodium glycero- 
phosphate daily for the next three days (Penod 
22) was followed by a sharp fall in the serum 
calaum, acfave tetany, soft stools, a great mcrease 
in fecal hpid, and markedly negabve calaum and 
phosphorus balances Glycerophosphate was 
stopped unbl the tetany could be brought under 
control This reqmred about four days A sm- 
gle intravenous injecbon of 1 gram of calaum 
gluconate relieved the more acute symptoms One 
hter of n/10 hjdrochlonc aad was given by 
mouth o\ er a penod of 3 days with the intenbon 
of counteracbng the effect of the extra base given 
vnth the alkahne phosphate. Calaum chlonde 


solubon by mouth was started on the last day of 
Penod 23 In Penod 24 the signs of tetany had 
disappeared and glycerophosphate was again given 
in amounts of 9 grams daily, together with cal- 
aum chlonde as indicated in Table IV The 
extra calaum was suffiaent to have combined with 
all the extra phosphorus as tncalcium phosphate. 
The phosphate solubon was given with meals, the 
calcium chlonde about two hours after each meal 
On this r^me the serum calaum remained about 
one miUigram per cent higher than the level at 
which the pabent had tetany The feces con- 
bnued to be soft and unformed Fecal weight 
increased as did the quanbty of fecal hpid The 
latter reached its maximum value in these penods 
Even at the much higher levels of calaum and 
phosphorus intake, consistently posibve balances 
of these elements were not obtained 

O r hie The conflicbng opimons on the value 
of bile salts in steatorrhea have been discussed 
by Macrae and Moms (29) A punfied prep- 
arabon of dned ox bile ® was given to Case J B 
in an attempt to determine whether it would have 
any effect on mtesbnal absorpbon The adinin- 
istrabon was begun m Penod 32 (Table IV) 
while the low fat diet was being ingested Four 
grams were given on the first and second days 
of the penod Abdominal distress was noted 
after the first few doses and the stools became 
hquid The dose of bile for the third and last 
day of this penod was reduced to 2 grams Com- 
plaints of nausea and of " bunung like a fever in 
the stomach ” persisted In Penod 33, the dose 
of bile was further reduced to 1 5 grams a day 
and the diet \vas changed to one high in fat (Diet 
IV) During this and the subsequent penod on 
the same regime, the pabent was qmte ill and 
complained bitterly of the diet and of the medica- 
bon The stools conbnued to be loose and the 
fecal fatty aads were well above the previous 
control penods on Diet IV Average mtrogen, 
calaum, and phosphorus balances were negabve 
(Table IV) There was no loss of waght 

All metabohc observabons were omitted for the 
five days immediately following Penod 34, and 
the pabent was allowed to make her own selecbon 
of foods Diet V was evolved as a result It 

* Punfied ox bile was contnbirted by Bunoughs Well- 
come and Company 
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was higher m protein and contained considerably 
less fat than the control diets Much of the pro- 
tein was denved from meat Unfortunately, no 
control observations were made on this diet Its 
effect has been taken up m connection with the 
discussion of the use of hver extract (27) 

An apparent interrelation between the amount 
of fecal alkaline earth and fatty acid Certain 
procedures causing an increase in Case J B *s 
fecal calaum were associated with an increase 
in the amount of apht fatty aads eliminated m 
the feces (see Table TV) The calaum content 
of the feces was considerably mcreased by (1) 
administration of a solubon of sodium glycero- 
phosphate in Penod 22, (2) admmistratioa of 
hydrochlonc aad and calaum chloride m Penod 
23 and (3) administration of both calaum chlo- 
nde and sodium glycerophosphate m Penods 24 
to 29 

Undesirable side effects consisting of tetany 
and loose stools were encountered in Penods 22 
and 23 Loose stools contmued to occur m Pe- 
nods 24 to 29 but there was no tetany There 
was a marked mcrease m the amount of fatty aad 
eliminated in the stools of all these penods The 
exclusion of tetany as a cause of the mcrease m 
steatorrhea seems justifiable on the ground that 
the syndrome occurred only m Penods 22 and 23 
Although the laxative effect of the salts continued 
this never amounted to a true diarrhea, su<3i as 
occurred in the bile penods 32 to 34 Frequent 
watery stools m the latter as well as the passage 
of carmine m six and one half hours mdicated 
an acceleration in the rate of passage of the con 
tents of the intestine which considerably exceeded 
that of other penods Small, frequent, watery 
stools persisted until bile was discontmued at the 
end of the second day of Penod 34 Then diar- 
rhea stopped The calaum content of the feces 
of Penod 33 was much higher than in Penod 34 
and probably represented a lag from the higher 
mtakc and fecal excretion produced by Diet III 
That the lag w’as not an exclusively diarrheal ef- 
fect IS evident from the fact that it occurred m 
other transibon penods m which there was no 
diarrhea The much higher fatty aad content 
of the feces of Penod 33 over that of 34 becomes 
explicable if one postulates a decrease m the length 
of the absorptive penod plus an increase in the 


oDncentration of calaum ions m the gut which 
hindered absorption through formation of m- 
soluble soaps The effect of diarrhea alone on 
the absorption of fats of Diet IV seems better 
exemphfied by Penod 34 The imtatrve effects 
of bile m this penod when combined with a lower 
calaum intake and a smaller excretion of fecal 
calaum did not lead to such marked steatorrhea 
Moreover, the irritation produced by bile seems, 
both on clinical grounds and from the weight bf 
the feces, to have been much greater than that 
of the salt solutions given in Penods 22 to 29 
This IS likewise against the supposition that salt 
effects were entirely a matter of acceleration of 
the rate of passage of the ingesta through the 
small intestine* 

From the experiments ated it is evident that 
adnumstration of an alkahne phosphate, a calaum 
salt, or a diet having a high calaum and phos- 
phorus content, increased the amounts of these 
elements found m the feces The combination of 
a high output of fecal calaum and phosphorus 
with a high intake of fatty aad accentuated the 
steatorrhea Both calaum chlonde, and sodium 
glycerophosphate might be expected to make the 
content of the intestine more alkahne the former 
because chlonde is rapidly and almost completely 
absorbed Icavmg calaum behind (30), the latter 
because of its alkahne buffer effect* Conditions 
favorable to the formation of insoluble soaps and 
phosphates would thus be produced* Penod 22, 
which was the least compheated of the group, 
may be taken as an example. Sodium glycero- 
phosphate by mcreasmg the alkahmty of the small 
bowel could have caused preapitabon of the cal- 
aum of the food and from the intestinal secre- 
tions as phosphate and quite possibly as carbonate. 
A further reaction between fatty aads and cal- 
aum ions or salts tended to place additional re- 
straints on the already defective absorption of 
fatty aads Four factors seem to have acted to- 
gether to mcrease steatorrhea 

(1) A supply of fatty aads from a dietary 
source undergoing abnormally slow absorption 

(2) An abnormally alkahne reaction of the 
contents of the mtestme, 

* The pH of a ii/lO solotion of sodium gljcerophos 
phate was found to be 83. ^ 
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(3) An unusually high concentration of cal- 
aum ions or salts 

(4) Some degree of acceleration of the rate 
at which the chyme passed through the small 
bowel 

Effect of a low tntake of calcuim on steatorrhea 
Case P A showed a rather stnking interrela- 
tionship between fecal calaum, magnesium, phos- 
phorus, and split fatty aads In his case a de- 
crease m the sum of milliequivalents of calaum 
plus magnesium was assoaated with a comparable 
decrease in the amount of fatty aads in the stool 
On the other hand, there appeared to be an in- 
verse relationship between fecal phosphorus and 
fatty aad 

Table VII shows that when the intake of fatty 
aads was constant and when the amount of cal- 
aum, magnesium, and phosphorus was known, the 
amounts of spht fecal fatty aads could be pre- 
dicted qmte accurately ® This held true not only 
in the high fat-normal calaum and high fat-low 
calaum diets but also in the penods when the 
calaum and phosphorus content of the feces was 
diminished by the admimstration of a vitamin D 
concentrate ^Vhlle vitarmn D caused more com- 
plete absorption of both calaum and phosphorus, 
the effect on fecal phosphorus was if anything 
greater than the effect on fecal calaum, and there 
remained in the feces as much calaum and mag- 
nesium as before which was free to combine with 
fatt)'' aads There was, therefore, no decrease m 
fecal split fat 

In estimating fatty aads in milheqmvalents, 
tlie average molecular weight of the fatty aads 
was taken as 270 The base combming power 
of phosphorus was assumed to have been 1 8 times 

® For example usmg the data recorded in Table VII 
the predicted decrease of fatty acids m feces dunng low 
calcium penods was equivalent to 

(Ca+Mg of control)— (Ca+Mg of low calcium penod) 
n4 - 34 9 

—Decrease in phosphorus 
— 14^ «»22 2 meq 

Observed decrease=»23^ m eq 

The predicted decrease of fatty aads m feces dunng 
vitamm D penods was equivalent to 

(Ca+Mp of control) — (Ca+Mg vitamin of D penods) 
?14 - 50 5 

—Decrease m phosphorus 
~ 20 7 •= 0 J m eq 

Observed decrease^ 3 3 m eq 


TABLE vn 

Case P A Relaltonship between fecal calaum, 
magnestum, phosphorus, and spht fatly actds 



Control 1 
periods 

17 to 19 
(IS days) 

Lowcaldura 

periods 

15 to 16 
(9 days) 

Vitamin D 
periods 

22 to 2S 
(16 days) 

Intake ■' 

f Fatty acid 
Calcium 
[ Phosphorus 

grams 
ptr day 

104 0 
1092 
1808 

grams 
per day 

105 0 

0 235 

1 127 

trams 
ter day 

104 0 
1092 

1 808 


' Split fatty acid 
Phosphorus 

Per day 

41 3 

35 7 

mxq 
per day 

18 0 

214 

mxq 
ter day 

38 0 

15 1 

Feces ■ 

Total 

77 0 

39 4 

53 1 

Calcium 

Magnesium 

52 1 

19 3 

18 4 

16 5 

35 0 

15 5 


Total 

714 

i 

34 9 

50 5 


the number of milhmols of phosphorus, as it 
would have been at the pH of the blood These 
values have been used arbitranly in Table VII 
and m graphs m which fatty aads and phosphorus 
have been expressed in milheqmvalents No data 
were obtained on the nature of the fecal phos- 
phates, and there is no justification for the choice 
of a base combimng power for phosphorus of 
1 8, other than the fact that the sum of milli- 
eqmvalents of fatty plus phosphonc aads so cal- 
culated approximately balanced the sum of imlh- 
equivalents of calaum plus magnesium in the 
feces of Case P A. over a long penod of time 
and under quite different expenmental conditions 
Nearly the same results would have been obtained 
had all of the fecal phosphorus been considered 
to be present as dicalaum phosphate 
The stools of R, G showed changes quahta- 
bvely similar to those of P A (Figure 2), but 
there was usually no very close agreement be- 
tween the sum of alkaline earths on the one hand 
and phosphorus plus fatty aads on the other 
With the change from normal to low calaum diet 
there was a greater reduction in the amount of 
spht fatty aads excreted in the feces than was 
predictable from the decrease m alkahne earths 
Lade of a good correlation is not suipnsing when 
the seventy of disturbance of fat absorpbon and 
the different rates at which the intesb'nal contents 
traversed the bowel are considered Diarrhea in- 
troduced a particularly errabc vanable when this 
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DIET 

XI 


FATTY AQD 104 CM. 
CALOUM I 0&2 CM. 

MACNESIUM 0321 CM. 


/ FATTY AaO 105 CM. 
OiPT CALCIUM a235 CM. 

magnesium 0A40 CM. 


CALORIES 3000 


CALORIES 3000 


Mxa 

CASEiHA. eo- 


60 


40 



AVERAGE 9 DAYS 
PERIODS 15-16 



DIET 

3IE 


FATTY fiClD 104 CM. 
CALCIUM 1092 CM. 

MAGNESIUM 0521 CM. 


( fatty ACJO 103 CM. 

CALOLW 0 223 6m. 

• magnesium 0 419 cm. 


CALORIES 3000 


CALORIES 2900 


CASE R.G. 


STOOL FATTY ACP 


KUTRAL 





AVERAGE 37 DAYS 
PERIODS 2-13 


M.Ea 

200 - 

160 

■160- 

140- 

120- 

100 - 

80- 

60- 

40- 

20- 


STOOL FATTY AdO 


ICOTRAL 





AVERAGE 0 DAYS 
PERIODS 16-17 


Fig. 2. Dectease in Steatoeehea Accoupanyiho the Ingestion of a Low Caloom Diet bv P A. 

AND R- G 
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patient w^as on the high fat regime and probably 
prevented the attainment of a state of equibbnum 
in the intestine It was usually necessary to col- 
lect the stools for from six to ten days to obtain 
a reliable esbmate of the daily excretion of fatty 
aads 

The time required for passage of carmme mark- 
ers was followed -with considerable care While 
taking Diet VII, the average rate of passage of 
carmine was 16 hours, the same average time as 
in Penods 2 to 13 which have been chosen for 
companson (Figure 2) This is evidence against 
the assumption that the fats of Diet VII were 
more completely absorbed because the absorptive 
penod was longer If lengthening of the ab- 
sorptive penod IS not to be offered as one of the 
reasons for the better absorption of fats of the 
low calaum diet, the most probable alternative 
assumption w'ould be that at a normal level of 
dietary calaum, fat absorpbon was impeded by 
formabon of insoluble soaps 

Low calc7uin-high fat diets and calaum balance 
Botli of the subjects ingesbng the high fat-low 
calaum diet (VII) were m negabve calaum bal- 
ance The fecal lipids of the mild juvemie case 
of steatorrhea (PA) were brought within the 
normal range by this diet, but the change from 
posibve to negabve calaum and phosphorus bal- 
ances was higlily undesirable In the long run, 
injury to the skeletal system might be expected 
on such a regime, which would more than offset 
any improvement denved from more complete 
absorpbon of fatty aads 

Interesbngly enough the loss of calaum by the 
severe adult steatorrhea, R G , was almost the 
same on both normal and low calaum intakes 
Representabve effects of two diets containmg the 
same amount of fat but providing normal and low 


levels of calaum respecbvely are given m Table 
VIII Total failure of calaum absorpbon may 
be offered as an explanabon for R G’s loss of 
equally large amounts of calcium at the two levels 
of intake As the unne was nearly devoid of 
calaum, the only important avenue of excrebon 
was the intesbne In order to have a nearly con- 
stant negabve balance, one need only assume that 
the feces contained all of the calaum of the food 
plus a fairly constant daily increment denved from 
secrebons entenng the intesbne 

High fat intake and calaum balance A sur- 
vey of the data obtained from Subject R. G 
shows that calaum loss \vas more pronounced 
when he ingested the high fat diet (VI) (Fig- 
ure 1 and Table VIII ) The inference is that a 
high mtake of fat increased the excrebon of cal- 
aum m the feces The evidence must be accepted 
with reservabon, for at the low level of dietary 
fat he had a higher intake of both calaum and 
phosphorus and no diarrhea More direct evi- 
dence of a relabon between higher intakes of 
fat and increased excrebon of fecal calaum was 
obtained from another subject (SB) It was 
possible to supplement his low fat diet (VIII) 
with butter without producing diarrhea (Table 
VI) Under the condibons of the expenment, 
calaum, spht fatty aads, and neutral fat m the 
feces increased, the first two appeanng in prac- 
bcally equivalent amounts The fecal excrebon 
of phosphorus decreased shghtly The net effect 
was a defimte increase in the loss of calaum from 
the body and a small retenbon of phosphorus 
While diarrhea does not seem to have been a cause 
of the greater loss of calcium, the results are sbll 
open to quesbon since the expenmental penod 
was very short 

Supplementary feeding of phospholipid Phos- 


TABLE vm 


Effect of high and low calcium diets on calcium balance in Cases P A and R. G 



Diet per day 


CaseP A 



Case R. G 


Piet 

nurabcr 

Fatty 

adds 

Ca 


Periods 

Number 

of 

days 

1 

Pally balances 

Periods 

Number 

Dally balances 



Ca 


days 

Ca 

p 

VI 

trams 

104 

trams 

1092 

F’cmi 

1808 

8-10 


trams 

-l-O 140 

grams 

4-0 092 

10-12 

9 

grams 

-0 477 

grams 

-0 248 

VII 

105 

0 235 

1 127 

12-13 


-0 283 

-0 133 

15-17 

9 


-0 341 

VIII 

23 2 

1 635 

2342 


■■ 



32-33 

8 


4-0 119 
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phoUpid v,-as given to one subject (R G ) and 
was well tolerated. The supplements were super- 
imposed on a low fat low starch diet (Diet VIII, 
Table rX) As this individual was apparently 
made worse by starchy food, the low starch m 
take may have been the major factor in his tol 
erance of this form of hpid Another possibihty 
IS that the patient with steatorrhea may be able to 
absorb phosphobpid more readily than fatty aad 
denved from neutral fat In order to test this 
assumption he was given a commercial prepara- 
tion made from soybean, which ivas stated to be 
pure leathm but was found to be a mixture of 
leathin, cephahn and perhaps phosphabde.* 

The EUpplementaiy hpld was given at first 
mixed with shredded cocoanut and chocolate syrup 
to disguise a rather unpleasant flavor Later the 
cocoanut was omitted Dunng the ingestion of 
these supplements some difficulty was expenenced 
m fractionating the fecal hpids, and only the total 
hpid appears to have been determmed with suffi 
aent accuracy to be of significance. The total 
amount of hpid excreted m the feces was about 
doubled, while the total mtake of fatty aads 
increased about threefold Nitrogen retention 
was greater There was consistent retention of 
considerable amounts of phosphorus, m spite of 
a n^ative calaum balance. The patient gamed 
in weight The net gam of mtrogen was 85 
grams of phosphorus 111 grams while calaum 
was lost to the extent of 4.26 grams Phosphorus 
available for metabolism was thus the 11 1 grams 
retamed from the food plus about 15 grams de- 

• Personal communication from W R. Bloor 


nved from bone or 13 grams m all This gave 
an N P ratio of 6.5 , therefore, more phosphorus 
was retained than could have been deposited with 
protan We believe this is evidence that phos 
pholipid was retained m the body 

Fecal mtrogen The excretion of mtrogen m 
the feces of patients with celiac disease and idio- 
pathic steatorrhea has often been observed to be 
higher than normal (8 25, 29, 31, 32, 33, 34), 
but never attains the high levels observed in pan 
creabc steatorrhea. This has been considered by 
Thaysen (8) to be caused by factors other than 
defective digestion and absorption of proteuis. 
Some data from three of our cases is given m 
Table X. 

The fecal mtrogen of J B was consistently 
normal when the protem mtalce vaned between 
62 and 115 grams daily There was no corre- 
lation demonstrable between fecal mtrogen and 
fecal hpid. The mtrogen of the stools was found 
to be slightly higher than normal only m those 
penods of diarrhea nhich were induced by admm- 
istrabon of ox bile. In the case of R, G , there 
was rather good correlation between fecal nitro- 
gen, hpid aad water The phymea] efliects of bis 
failure to absorb fatty aads and his constant 
tendency toward diarrhea when taking Diets VI 
and Vn seem suffiaent explanation for the high 
fecal mtrogen His response to admmistration of 
vitamin D while taking Diet Vlli was qmte def- 
imte (Penod 36 to 40) Fecal mtrogen and 
water both decreased, the latter to an entirely 
normal value Nevertheless his reaction to an 
unfavorable diet was not altered matenaUy 
When he was shifted back to the imtative type 


TABLE IX 

Mtidbalum of pkoiphoUptd tuppltments hj Cast R. 0 


Period 

Nom 

ber 



Diet perd*r 


Source* and unoost* of 
cappletoentcrr fettr 
>rM« dAUT 

DtUy feceM 

D*Uy twTaacc* 

Body 

wdi^t 


(Ut* 

B 


B 

B 

N 

CBlorlei 

(epproi.) 

Fbofpbo. 

Coco* 

not 

Cboc 

QlAt« 

Wdgfat 

1221 

Ca 

P 

N 

21-22 

10 




tptmj 

2.34 

gramj 

21 24 

2200 

None 

cr**u 

None 

gremt 

None 

fr«m« 

155 

tmu 

88 

tremr 

-0823 


trawu 

+1 64 

Jtr*- 

50 85 

51 03 
52J5 

23 

6 

VIII 

67 4 

BH 

389 

21 74 

2800 

30 7 


14 

164 

14.8 




2+-25 

10 

VIII 

67 4 


3.89 

21 74 

2800 

307 

llti 

14 

213 

16 1 

-0 191 

+0 241 

-I-2.SS 

53 17 

26 

4 

VIII 

67 4 

1 79 

3 89 

21 74 

2800 

30 7 


1 4 

199 


-0 211 

ESiiiKn 

ESlih 

W 4/ 

27 

4 

VIII 

67 6 

1 82 

4.5S 

22.25 

2800 

43 0 


1 4 


13J 

-0 181 

+0 142 

+2 28 

53.87 

28 

4 

VIII 

67 6 

1^ 

4JS 

22J25 

2800 

43 0 


1 4 

194 

11 y 

-fO 181 



S4 2* 

29 

6 

vin 

67 6 

1.82 

4.55 


2800 

43 0 

■ 

14 

192 

12J 

-0 069 

-f-0J18| 

+2.54 

M.3/ 
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TABLE X 

Fecal nitrogen, total hptd, and water 




Case J 

B 



Case E^ G 

1 


Case P 

A 




Num- 

Diet 

Dafly feces 


Nnm- 

Diet 

Daily feces I 


Num 

Diet 

Dally feces 


ber 





Period 

ber 

DUm^ 




Period 

ber 






of 

days 

ber 

N 

Upid 

Water 


of 

days 

ber 

N 

Lipid 

Water 


of 

days 

ber 

N 

UpId 

Water 



■1 

grams 

grams 

grams 




grams 

grams 

grams 




grams 

grams 

grams 

2~5 

12 


1 30 

19 9 

95 4 

2-4 

10 

VI 

3 05 

48 8 

297 

4-7 

21 

VI 

2 34 

141 

131 

7-11 

15 

■n 

1 59 

17 2 

157 

5-9 

15 

VI 

3 68 

56 

355 

8-10 

18 

VI 

2 34 

13 8 

135 

16-19 

12 

III 

148 

2 1 

89 8 

14-15 

6 

VII 

4 40 

52 4 

472 

14-16 1 

12 

VII 

1 97 

89 

82 

26-29* 

12 

IV 

131 

30 9 

188 8 

16-17 

6 

VII 

3 57 

32 7 

395 

22-25t 1 

16 

VI 

2 26 

14 9 

98 

31 

3 

III 

1 63 

2 1 

142 5 

21-22 

10 

VIII 

2 25 

88 

112 

26-27^ 

8 

VI 

2 07 

14 8 

93 

33-34t 

6 

IV 

2 21 

20 2 

415 

36-371 

10 

VIII 

1 62 

7 6 

93 













39-40t 

8 

VIII 

1 37 

92 

86 













42t 

3 

VI 

2 95 

26 8 

325 








* Sodium glycerophosphate 9 grams, calaum chloride 5 38 grams daily 
+ Ox bile text) 

t Vitamin D concentrate 225,000 I U daily 
^ Vitamin D concentrate 100,000 I U daily 


of diet (VI, Penod 42) the excretion of nitrogen, 
hpid, and water immediately increased 

Case P A.’s excretion of fecal mtrogen was 
consistently rather high, but nather diet nor medi- 
cation as employed in his case produced any radi- 
cal change in the composition of the feces 
From the data at hand, it may be surmised that 
the quantity of fecal mtrogen is related to the 
physical properties of the feces and to diarrhea 
Imtative diets produce diarrhea and, perhaps, as 
suggested by McCrudden and Fales (33) , increase 
secretion of nitrogenous matenal (secretions from 
intestinal glands, diapedesis of leukocytes, etc ) 
into the lumen of the bowel When these effects 
w ere not promment, as in Cases J B and P A , 
there was little alteration of the fecal mtrogen 
from the normal, when irritative effects were 
proimnent defimte increases in fecal mtrogen were 
found 

COMMENT 

Features common to all of the cases studied 
\\ ere mild anemia, flat glucose tolerance and vita- 
min A absorption curves, an excess of spUt fatty 
aads in the feces when a diet high in fat was 
mgested, and vitamin D defiaency One subject 
de\ eloped a hemorrhagic disease assoaated with 
defecti\e coagulation of the blood In general 
the metabohc abnormahties correspond to those 
described by Fancom (25), Lehndorff and Maut- 
ner (32), iMacrae and Moms (29), and Parsons 
(11) m cehac disease and by Lmder and Hams 


(35), Beimett et al (1), Bauer and Marble (17), 
Thaysen (8), and BruU (36) m idiopathic steator- 
rhea of adults 

Response to dietary fat There were marked 
individual differences in the behavior of the four 
patients, but the average daily amount of fecal 
lipid vras remarkably umform for a given subject 
on a constant regime The two more severe cases 
lost upwards of 50 per cent of the ingested fatty 
aads m the feces dunng penods of high fat m- 
take In the mildest case the loss amounted to 
only about 11 per cent of the intake When the 
dietary fat was increased, there was a higher per- 
centage of absorption, but a high intake frequently 
led to episodes of diarrhea, anorexia, and loss of 
waght The advantage gained by greater ab- 
sorption of fat was more than offset by loss of 
inoi^mc salts, water, and probably carbohydrate 
m the feces 

Low intake of fat Steatorrhea was always 
controlled when sufflaently stnngent hmitations 
were imposed on the intake of fat There was 
no evidence to suggest that idiopathic steatorrhea 
resulted from an abnormally high excretion of 
hpid mto the bowel 

Dietary carbohydrate The nature of the die- 
tary carbohydrate did not affect the steatorrhea of 
one of the subjects No improvement resulted 
from substituting monosacchande for starch In 
another individual the evidence suggested that an 
increase in fatty diarrhea accompamed the inges- 
tion of starches This effect was presumably 
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one of greater imtability of the bowel caused by 
fermentation Miller (16) has suggested that 
granules of starch become coated with fatty adds 
and are thus protected from the action of amylase. 
Bacteria withm the masses then ferment the starch 
and produce gas and irritating spht products 

Alkaline earths and fecal Itpid It has been 
pomted out that the quantity of fecal split fat was 
mcreased when the amount of allcahne earths pro- 
vided by the diet was increased or when they 
ivere preaphated m the mtestine by rendermg the 
contents of the gut more alkaline. Reduction of 
the intake of alkahne earths while the intake of 
fatty aads was maintained at a constant level 
dnmmshed the loss of spht fat in the feces When 
a higher mtake of fat was given while the alkalmc 
earths and phosphorus were kept at a constant 
level the loss of calcium m the feces increased. 
It IS obvious then that there is a certam degree of 
interdependence between the presence of alkahne 
earths and fat m the feces Such a relationship 
may well provide the dements of a viaous aide 
and accderate the decalofication of the bones of 
an adult, whose diet is defident m vitamm D 

Avitammosu D as a cause of decalctficalton 
and tetany When dietary fat was reduced to the 
pomt at which the feces were freed from an ex- 
cess of fatty aads, the faulty absorption of cal 
aum was not materially improved although it 
seemed to cause some dimmution in the negative 
calaum balance. The loss of lime from the bones 
was unquestionably a manifestation of D avita 
mmosis for it could be corrected by ingestion of 
adequate doses of a vitamin D concentrate (27) 
Low levels of serum calaum and raorgamc phos- 
phorus were hkewise restored to normal by this 
treatment and the symptoms of tetany disap- 
peared 

SOMMAEY 

I Case histones and metabolic studies on four 
patients with idiopathic steatorrhea are presented 

2. The subjects exhibited great mdividual van- 
ahon in their tolerance of fat but the fecal ex- 
action of fat in each subjea was nearly constant 
for a given r^gune 

3 A very low dietary mtake of fat prevented 
steatorrhea There was no evidence that steator- 
rhea was caused by an exceedingly high excretion 
of fat mto the mtestine. 


4 The tolerance of fat was not unproved in 
one mstance by replacing dietary starch with 
monosacchande , m anotha patient a low starch 
diet seemed to prevent diarrhea and markedly m- 
crease the abihty to absorb fat. 

5 Admmistration of sodium glycerophosphate 
and ox bile made the steatorrhea of one patient 
worse. 

6 Ingestion of an alkahne phosphate, a cal 
aum salt, or both caused an mcrease in the total 
amount of spht fat m the feces 

7 Reduction m the intake of calaum fadhtated 
the absorption of fatty aads. This procedure 
resulted in the loss of calaum and phosphorus 
from the body m a subject with mild steatorrhea. 

8 Increase m dietary fat, when accompamed 
by steatorrhea, mcreased the loss of calaum m 
the feces at the expense of calaum stored m the 
body 

9 Moderately high levels of caldum and phos- 
phorus mtake, m the absence of vitamin D, failed 
to produce consistently positive balances of these 
elements 

10 The mgestion of a phosphohpid by one sub- 
ject was accompamed by a considerable retention 
of phosphorus an mcrease m retention of mtro- 
gen and a loss of calaum. Reasons for the behef 
that part of the phosphorus was retained as phos- 
phohpid have been ated. 

1 1 Ratha high values for fecal mtrogen were 
encountered m one case. These appeared to par- 
allel the fecal hpid and wata In penods free 
from fatty diarrhea there was no maease m fecal 
nitrogen, 
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Amehorabon of the symptoms of tropical sprue, 
parbculariy the anemia and gastro-intesbnal dis- 
turbances, has followed the oral and parenteral 
admmistrabon of liver or hver extracts (1, 2, 3, 
4) It has been cl aimed that similar treatment fa 
effective m the treatment of idiopathic steatorrhea 
(non tropical sprue) (5) Barker and Rhoads 
(6), in a study of the blood hpids m sprue, came 
to the conclusion that hver extract must exert 
some speolic effect on mtestinal absorption. The 
plasma hpids of the treated cases mcreased after 
a meal containing fat, while those patients, who 
received only a sprue diet, failed to show a similar 
increase dunng the test Ross (7) on the other 
hand in an mvestigation of cehac disease (a con 
dition perhaps identical with idiopathic steator 
rhea) was unable to demonstrate any effect on the 
absorption of carbohydrate after injections of 
hver extract (campolon) He beheved that this 
form of treatment improved the utilization of 
intravenous glucose. 

Whether identical metabohc defects exist in 
these three diseases is still an open question It, 
therefore, seems pertinent to descnbe the results 
of balance studies of patients undergoing treat- 
ment with hver extract, who have never resided 
m the tropica and yet have presented the syn 
drome of sprue. The term idiopathic steatorrhea 
as used m this connection has been considered 
synonymous with non tropical sprue 

This report supplements a previous paper (8) 
and deals specifically with (o) the effect of par- 
enterally admmistered hver extract on hpid and 
nuneral balances, (b) the effect of diet and other 
therapeutic procedures on the level of calaum 
and morganic phosphorus m the serum, and (c) 
the effect of administration of vita min D concen 
trates 


PKESENTATION OP DATA 

The four patients whose case histones have 
been given m detail elsewhere (8) all received 
parenteral hver extract and a vi tamin D concen 
trate dunng some penod of the investigation. 
The diets and methods of mvestigation were the 
same as those used previously (8) 

Lroer extract Three of the patients, J B , 
R. G, and P A., were treated while resident in 
the metabohc umt. The fourth patient, S B , 
received hver therapy while on the general ward 
and since dietary control was inadequate balances 
could not be kept The impressions gained in his 
case have been suinmanzed in his case report (8) 
Lilly’s liver extract (concentrate, NJIJl.)^ was 
given to the other patients by mtramuscular m 
jecfaon. 

Case J B received 5 mh daily for 6 days 
(Penods 35 and 36, Table I) At this time she 
was receiving Diet V believed to contain 115 
grams of fat, the amount actually found at a 
later analysis was 67 grams Before this fact 
was established, the decrease in fecal hpid and 
the more normal appearance of the stools were 
considered an effect of the hver extract. Al- 
though unable to pursue the mvestigation further 
m the metabolism umt on the return of the pa- 
tient to the general ward she was mduced to take 
Diet H for a week Injections of hver were con- 
tinued and feces were collected on the last 4 days 
of this penod They were soft and gray An- 
alysis for fatty aads showed no noticeable change 
from that of the early control penods while in 
the metabolic imit. 

1 The hver extract waj contributed by Eh Lilly and 
Company through the courteay of ,Mr George B. 
Walden. ^ 
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TABLE 1 


Lipii, mlTogen, calcium, and phosphorus melabohsm during admtntslroiton of liver extract 


Periods 

Diet 

number 

Number 
of dasrs 

Total 

liver 

extract 

Dally 

Upid 

intake 

Dally feces 

Dally balances 

Weight 

W'elEht 

Fatty 

adds 

Total 

lipid 

Ca 

p 

N 

Caldnm 

Phosphorus 

NltroEcn 




tnl 

eramt 

eramx 

grams 

per cent 
qf dry 
iceunt 

grams 

grams 

grams 

grams 

grarTis 

grams 

1 

kgm 


CASK J B 


Control 7-11 

n 

IS 

None 

M 

197 

ISO 

37 S 

1J3 


1 S9 

-0 08 

4-0 06 

-014 

47 25 

Liver 35* 

V* 

3 

15 


167 

11.3 

34 7 

1 37 

0 58' 

1 85 

-044 

-012 

4-0 74 

47 73 

Liver 36* 

V* 

3 

IS 

■a 

8S 

64 

30 2 

0 86 

0 381 

Ml 

+0 08 

4-0 01 

4-0 91 

48 69 

Lrver 37t 

lit 

4 

16 

100 


14.3 

40 0 


■1 




CASE R.G 


Control 1-4 

VI 

13 


lOS 

415 

440 

58 0 

1 28 

0 96 

3 IS 

BP 

BBl 

4-0 59 

S3 10 

Lwer 5-7 

VI 

■a 

HU 

lOS 

511 

58 0 

52 0 

1 67 

1 30 

3 82 



-0 08 

53 23 

Laver 8-12 

VI 


n 

105 

432 

50 0 

57 6 

1.50 

1 10 

3 60 

W 

ma 

4-0 09 

S3 17 


CASE PA. 


Control 1-3 

VI 

12 

None 

Bi 

185 

11.5 

1 

32 5 

0 96 


2 62 

4-0 103 


4-0 36 

44 82 

Liver 4-8 

VI 

27 

115 


174 

11 8 

36 0 

0 98 

0 51 

2 35 

4-0 074 

4-0 017 

4-0 81 

46 08 

Liver 9-10 

VI 

12 

55 

105 

166 

118 

36 0 

0 92 

0 41 

2 31 

4-0 153 

4-0 093 

4-148 

46 56 

Liver 14-16 

VII 

12 

30 











47 48 

Lrver 17-19 

VI 

IS 

30 

105 

178 

12 3 

34 3 

1 04 

0 61 

2 56 

4-0 019 




• Control on Diet V not obtained See text for interpretation of results 
t Period 37 earned out on general meical division 


It seems unlikely that the hver extract was re- 
sponsible for the improvement m steatorrhea, 
rather the decrease in fecal hpid was the result of 
a different diet and a lower intake of fat The 
results demonstrate the advisabihty of actually 
analyzmg the diet for fat rather than depending 
upon an estimation of the amount of fat based 
upon published tables 

Both Cases R. G and P A were given Diet 
VI and after smtable control penods the daily 
administration of hver extract was begun -without 
change of diet R. G received 27 consecutive 
mtramuscular injections of hver extract of 5 cc. 
each Data tj-pical of this experiment have been 
summarized m Table I No effects were noted 
which could be attnbuted to the medication 
There was no increase m reticulocytes, and the 
number of red blood cells and the concentration 
of hemoglobin remained unaffected After the 
close of Penod 13 no metabohe observations were 
made for a week owmg to a mild respiratory m- 
fection Beginnmg -with Penod 14 the diet was 
changed to one low m calcium (Diet VII) but 


the mtake of fat was maintamed at the pre-vious 
level Injections of liver were continued for 
eleven days more There was still no effect at- 
tnbutable to the medication- 

Case P A was given 34 intramuscular injec- 
tions of hver extract of 5 ml each An occa- 
sional day was missed but the mjections were in 
the main consecutive. His anemia remained un- 
changed Fecal weight decreased moderately 
but the amount of fatty aad excreted daily did 
not differ from the control penods While re- 
ceiving an adequate mtake of calaum and phos- 
phorus, balances of these elements were for the 
most part consistently positive, as were nitrogen 
balances Analysis of the results obtained in in- 
dividual penods revealed no evidence that the 
shghtly greater retentions of calaum, phos- 
phorus, and mtrogen m Periods 9 and 10 (Table 
I) were more than a matter of chance. It is 
highly improbable that they were m any -way con- 
nected with the administration of the hver 

Effect of diet during intamm D defkiency on 
the concentrations of calcium and phosphorus in 
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the terum Case J B The inverse relation be- 
tween Ca and inorganic P in the serum presum- 
ably accounted for the lower calaum while m- 
gesting Diets I and U and the higher calaum 
when on Diet III (9) (See Figure 1 ) An- 
alysis of the dietary factors assoaated wljh these 
changes bnngs out the foUovnng points The 
Ca P ratio of the high fat diet was 08 and of 
the low 123 These two diets caused a marked 
difference m the paths of phosphorus excretion. 
On the high fat diet with the low Ca P ratio 
(Diets I and II) the excretion of unnary phos 
phonis was about twice as great as on the low 
fat diet The diversion of phosphorus from the 
bowel on this diet is exphcable on two grounds, 
(a) the low Ca P ratio left an excess of phos- 
phorus uncombmed ivith alkahne earths m the 
mtestine which was then absorbed and excreted 
m the urme, (6) the combmahon of calaum with 
fatty aads to form soaps (10) deaeased the 
amount of phosphorus bound to alkahne earths 
still further and left more phosphorus available 


for absorption and excretion m the Urme (Table 

U) 

The rise m concentration of morgamc phos- 
phorus in the serum seems to have been the result 
of this greater absorption of phosphorus, and the 
ultimate effect the same as the adimnistration of 
an inorganic phosphate by mouth dunng a later 
period (Period 22, Figure 1), when tetany was 
produced The ease with which tetany may be 
induced by increasmg the mtake of phosphorus 
in vitamm D defiaent children and rats has been 
discussed by Karelite and Shohl (11) The 
adult patient with steatorrhea and D avitaminosis 
IS no exception to this rule, for the adrmmstration 
of an morgamc phosphate or a diet with low 
Ca P ratio and high coment of fat is capable, in 
some instances at least, of depressing the concen 
tration of calaum m the serum to dangerously 
low levels 

Although there was definite evidence of loss 
of calaum and phosphorus from the body when 
the low fat diet with a high Ca P ratio (Diet 
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TABLE n 

Fat, calcfum, and phosphorus metaboltsm tn Case J B 





Diet 



Daily caldum balance 

Dally phosphorus balance 

Periods 

Number 
of days 




Dally medication 







Number 

Fatty 

aod 

Ca P 
ratio 

Urine 

Stool 

Balance 

Urine 

Stool 

Balance 




grams 
per day 


j 

grams 

grams 

grams 

grams 

grams 

grams 

1-S 

IS 

I 

104 

08 

1 

0 07 

06 

-1-0 02 ' 

1 07 

0 45 

+0 15 

7-11 

15 

II 

100 

08 


0 08 

1 33 

-0 08 

0 90 

0 73 

+0 06 

12-13 

6 

I 

104 

08 

i 

0 08 

1 23 

-fO 04 

1 06 

0 57 

+0 04 

16-19 

12 

III 

28 

123 

1 

Oil 

2 47 

-0 20 1 

0 59 

136 

-0 02 

22 

3 

IV 

113 4 

0 52* 


004 

2 32 

-0 90 

1 29 

1 67 

-0 15 

23 

3 

IV 

113 4 

1 52* 


0 05 

2 13 

+0 14 

0 93 

1 11 

-0 51 

26-29 

12 

IV 

113 4 

1 37* 

Vitamin D i m 10,000 units 

0 06 

3 46 

-0 12 

0 78 

1 71 

0 00 

30 

3 

III 

28 

1 23 

0 06 

2 91 

-0 59 

040 

1 57 

-0 04 

31 

3 

III 

2 8 

1 23 


0 07 

2 12 

-fO 19 

0 63 

1 25 

+0 05 

32 

3 

III 

28 

1 23 

Beef bile 3^ grams 

0 10 

2 39 

-on 

0 46 

1 35 

-0 12 

33 

3 

IV 

113 4 

0 95 

Beef bile 1 5 grams 

0 06 

2 45 

-105 

0 78 

130 

-0 55 

34 

3 

IV 

113 4 

0 95 

Beef bile 1 25 grams 

0 07 

1 27 

+0 12 

0 79 

0 68 

+0 06 


Observations discontinued for five days 


35 

3 

V 

67 

0 67 

Liver extract 5 ml 

0 11 1 

1 37 

-0 44 

109 

M 

-0 12 

36 

3 

V 

67 

0 67 

Liver extract 5 ml 

0 10 

0 86 

+0 08 

1 16 

m 

+0 01 


* Includes Ca given as CaCIi and P given as sodium glycerophosphate 


I ) was given to J B , serum calaum increased 
and serum inorgamc phosphorus decreased 
(Figure 1 and Table II, Penods 15 to 19) The 
serum protans varied between 6 0 and 6 5 grams 
per cent in Penods 12 to 19 and do not appear to 
have been a factor in mcreasing the calaum con- 
centration From the work of Liu et al (12) 
a high Ca P ratio in a diet may be expected to 
decrease the concentration of morgamc P m the 
serum and to decrease its excretion m the unne 
When the dietary Ca P ratio was above 1 and 
the amount of fatty aads m the feces negligible 
(Penods 15 to 19), a large part of the phos- 
phorus entenng the intestine was fixed there as 
an insoluble phosphate of calaum The absorp- 
tion of phosphorus was depressed and its concen- 
tration in the serum lowered 

Case R G While the explanation given 
above seemed valid for J B , interpretation of 
the data in Case R G (Figure 2) proved to be 
much more difficult The levels of calaum and 
morgamc phosphorus m the serum were deter- 
mined on numerous occasions, but were onutted 
m Penods 14 to 17 when the mtakes of calaum 
and phosphorus were lowest It is, therefore, 
possible that Figure 2 does not present an entirely 
unbiased picture of the changes m the blood 
These penods i\ould have been of considerable 


interest since most of the dietary phosphorus ap- 
pears to have been excreted in the feces (Table 
III) 

In spite of the defiaenaes in analysis of the 
blood, there were enough data to demonstrate a 
considerable degree of constancy m the levd of 
serum morgamc phosphorus pnor to treatment 
with vitamin D In view of the findings m the 
previous case this was quite unexpected, for the 
intake, absorption, and unnary excretion of phos- 
phorus vaned considerably The serum calaum 
on the other hand fluctuated m much the same 
manner as m Patient J B The highest level of 
calaum was observed at the close of Penod 19 
when calaum eqmlibnum had been established 
for a few days, and was apparently the result of 
the effect of the low fat diet, the lowest serum 
calaum occurred after two days of diarrhea 
brought on by ingestion of the high fat diet which 
was given m Penod 30 The balances of lime 
and phosphorus at this time were not excessively 
negative when compared with previous penods 
on the same diet, and the low level of calaum m 
the blood can hardly be accounted for on the basis 
of rapid excretion of calaum mto the bowel 

When one considers serum calaum and inor- 
gamc phosphorus together, it is clear that some 
factor, other than an mverse relation between the 
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TABLE m 


Case R G Fat, calcium, and phosphorus metabolism 
(All values are daily averages for the respective penods) 


Period 

Diet 

Fecea 

Excretion 

Balances 

Berom* 

Ntnnbcr 

Days 

Nmnber 

Sopplement or 
medication 

Fatty 

add 

Ca 

P 

Wdfiht 

Fatty 

add 

Caldom 

Phosphoros 

Ca 

P 

N 

Ca 

p 

Total 

protein 

Drlne 

Stool 

Urine 

Stool 


■ 















mom 

vigm 

. promi 





OTomt 

email 

pmmi 

ffrom 

errant 

praait 

prami 

pmtM 

grami 

pramt 

pratni 

gramj 

per 

per 

VO- 

















cent 

ant 

wit 

1 

Bl 

VI 


lOLO 

1092 

1208 

359 

862 

0 005 

1208 

0210 

0268 

-0221 

0200 

+120 

6.670) 

126 

674 

2 


VI 


lOLO 

1092 

1203 

198 

22.6 

0003 

0 870 

0 896 

0208 

+0 419 

+0 404 

+1 01 




3 

■1 

VI 


lOLO 

1092 

1208 

503 

648 

0 005 

1230 

0 895 

1222 

-0 743 

-0 409 

Kfi 

622u: 

124 

623 

4 

3 

VI 


1010 

1092 

1208 

892 

45 7 

0 006 

1 146 

0 903 

0 016 

-0 060 

-0 011 

Eukfc 




6 

3 

VI 

liver extractSmL 

1010 

1092 

1208 

697 

672 

0 005 

2173 

0.860 

1236 

-1286 

-0288 

-123 

7240) 

L02 

6 74 

6 

3 

VI 

Liver extract 5 mi. 

1010 

1092 

1208 

824 

442 

0005 

LOOS 

0236 

0 785 

-0208 

+0187 

+L66 

7 630) 

121 

6 41 

7-8 

6 

VI 

Liver extract 6 mL 

104 0 

1092 

1203 

616 

632 

0 007 

1782 

0227 

1285 

-0297 

-0 404 

-028 




9 

3 

VI 

liver extract 5 roL 

1010 

1292 

1208 

242 

301 

0 007 

1213 

0986 

0720 

+0 072 

+0 102 


720) 

169 

6 71 

10 

3 

VI 

liver extractSml. 

104 0 

1092 

1208 

498 

662 

0 009 

L653 

0 916 

1243 

-0270 

-0251 

+126 




n 

3 

VI 

liver extractSmL 

1010 

L092 

L80S 

641 

604 

0008 

L676 

0 866 

1200 

-0292 

-0258 

EfiTn? 

7480) 

22 

511 

12 

3 

VI 

liver eitraet6inL 

1010 

1092 

1203 

378 

422 

0009 

1253 

0286 

0 956 

-0270 

-0 034 

EEli 




33 

8 

VI 

liver extract 6 ml- 

1010 

L092 

1203 

744 

68.1 

0 006 

1213 

0 790 

1 613 

-0 727 

-0 495 

-0 03 

7 680) 

173 

620 

n-17 

12 

vn 

liver extract 5 mL 

105 0 

0229 

1017 

619 

82.7 

0 005 

0 624 

0465 

0.879 

-0 400 

-0217 

-a43 




18 

3 

VIII 


16S 

1090 

U61 

810 

109 

0 005 

02S0 

0 463 

0 900 

+0105 

+0198 

+0 70 




19 

3 



16S 

L090 

U61 















vni 

















20 

3 



23J! 

L636 

2242 

140 

96 

0 010 

1460 

0 655 

1226 

-0 108 

+0070 

+1 48 

8230) 

172 

617 

21-22 

m 

vni 

+ 


232 

L635 

2242 

156 

67 

0016 

1942 

0 698 

1237 

-0223 

+0106 

+163 





H 

mm 

Phospholipid 

674 

1790 

3290 

163 


0 009 

1260 

1251 

1730 

-0269 

+0209 

+3 03 

8.10) 

176 


23 



60 grama 

















HI 


PhosphoDpSd 

674 

L700 

3290 

209 


0012 

L973 

1261 

1244 

-0 198 

+0 183 

+2.40 




24-26 

Q 


50 grams 

















■ 


Phospholipid 

67 6 

1220 

4245 

220 


0012 

1992 

2256 

2.047 

-0 134 

+OJ48 

+228 

702 

L78 


27 

n 

4* 

70 gruns 



















FiospioDpId 

676 

1220 

4245 

193 


0 010 

1637 

2.417 

1211 

-0 026 

+6217 

+2.42 




28-20 

10 


70 grains 
















30 

3 

VI 

None 

1010 

1092 

1208 

1067 

556 

0 005 

1166 

0703 

L470 

-0 079 

-0265 

+0 68 

6.180) 

125 























VTO 

















31-33 

Bl 

+ 

Non* 

232 

1635 

2242 

232 

75 

0208 

1268 

0263 

1240 

+0 069 

+0239 

+121 





m 


Vitamin B 

232 

1 635 

2242 

160 

42 

0019 

L707 

1236 

1195 

-0 181 

-0188 

+1 46 

720) 

179 

680 

34 

B 


225 000LU 

















B 


Vitamin D 

232 

1635 

2.342 

135 

6.0 

0 034 

1170 

1227 

0 472 

+0 431 

+0248 

+L72 




35 

B 


225.000 in 

















B 


Vttatoin D 

232 

1635 

2242 

183 

76 

0016 

0267 

1222 

0 499 

+0 763 

+0221 

RilfI 

8290) 

2 66 

677 

38 

B 

+ 

225 000 Ln 



















Vitamin D 

232 

1635 

2242 

60 

42 

0016 

0270 

1026 

0249 

+1249 

+1267 

+L72 

8.940) 

3 49 

680 

37 

6 

+ 

225,000 Ln 



















Vltjunin D + 

682 

1 635 

2242 

138 

lU 

0009 

0 617 

L187 

0232 

+L0O9 

+0223 

+L74 




3S 


+ 

batter 50 grams 

















B 


Mtamhi D + 

652 

1635 

2.342 

97 

69 

0216 

0 460 

1246 

0211 

+1 170 

+0286 


8.700) 

3 70 

670 

39 

n 

+ 

batter 50 grams 

















H 


Vitamin B + 

682 

1635 

2242 

123 

77 

0 022 

0220 

U90 

0225 

+1093 

+0227 

+124 




40 

B 

+ 

batter 50 grams 

















B 


Vitamin D + 

607 

1635 

2242 

87 

6.6 

0 022 

0 400 

1162 

0204 

+1213 

+0 946 


9170) 

3 76 

6 70 

41 

B 

+ 

batter 75 grams 
















42 

3 

WJ c 

VI 

Vitamin B 

104.0 

1092 

1203 

390 

24.2 

0 005 

0246 

1210 

0 410 

+0241 

+0258 

-0.34 

9 070) 

3 46 





225,000 LU 


















vm 

Vitamin B 

232 

L635 

2212 

125 

101 

0 013 

0 611 

L435 

0.300 

+0 981 

+a607 

+126 

9.24W) 

326 

620 

43 

6 

+ 

225 000 Ln 


















60% 


















• Numbers in parenthesis refer to the day of penod on which blood was taken 


hvo, must have affected the level of calaum 
Factors which might tend to elev'ate calaum were 
(J) a state of eqmhbnum with the diet as ap- 
posed to a previously negative calaum balance, 


(2) better absorption of vitamin D from the diet, 

(3) a higher concentration of protein in the 
serum, and (4) greater activaty of the parathy- 
roid glands With the exception of the calaum 
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balance there was no evidence of the possible 
effect of any of these factors, and even the evi- 
dence denved from a survey of the balances 
proves to be rather contradictory (Penods 18 to 
30) 

In attempting to explain the whole situation 
one might hypothecate a more active parhapation 
of the parathyroids m the mechanism for regulat- 
mg the serum calaum and phosphorus of the 
second patient (R. G ) The rapid and severe 
dram upon his reserves of calaum which resulted 
from steatorrhea and D avitaminosis would, ac- 
cordmg to the suggestion of Albnght and Sulko- 
witch (13), lower the calaum of the serum and 
stimulate the parathyroid apparatus This in 
turn would accelerate the decalafication of bone, 
tend to raise the calaum of the serum and de- 
press the morgamc phosphorus by hastemng its 
excretion m the unne. If the rate of excrebon 
of phosphorus by the kidney were sufEaently 
rapid, no appreaable nse of morgamc phos 
phorus in the blood would occur unless the 
amount passmg into the blood from the intestme 
were very large. Teller has suggested that there 
IS a primary defect in the absorption of phos- 
phorus m cehac disease (14) The data we ob- 
tamed while observmg the effect of vitamin D 
lend some support to this concept Nevertheless, 
even m the most severe cases of the disease, con- 
siderable quantities of phosphorus were absorbed 
and excreted m the unne, and it is possible that 
the hmitmg factors were diarrhea and the pres- 
ence of large quantities of calaum in the bowel 
with which phosphorus may have combmed to 
form insoluble phosphates 

Vtlamtn D Skeletal decalafication, excessive 
loss of calaum m the feces, low serum calaum 
and morgamc phosphorus, and failure to absorb 
calaum when there was no steatorrhea all pointed 
to a defiaency of vitamm D m Subjects J B , 
R. G and S B 

When studying the first patient, J B , it was 
feared that even a vitamm D concentrate might 
escajie absorption if given by mouth while the 
intake of fat was high To avoid this possibility 
one gram of a solution of viosterol m oil 
(Sqmbb) was given daily by mtramuscular m- 
Jection for 12 days (Penods 26 to 29, Table 11) 
This was eqmvalent to 120 000 mtemational 
units of vitamin D, enough accordmg to Hannon 


el al (IS) to estabhsh a prolonged remission m 
osteomalaaa. No immediate change m the con 
centrahon of serum calaum occurred, nor were 
the calaum and phosphorus balances or thar 
paths of excretion affected Behevmg that the 
excessive exaction of fatty aad rmght be inter- 
fering with calaum absorption the patient was 
returned to the low fat diet (III) for three 
penods of 3 days each (Table II Penods 30 to 
32) As before, there was a very prompt and 
marked reduction m fecal hpid and reduction m 
the amount of fecal wata, but the time allotted 
vpas too short to study adequately the effect on 
calaum and phosphorus balance. A moderate 
retention of calaum was observed in Penod 31 
but Penod 32 was spoiled by admmistration of 
bile. Twenty dajs after the last dose of vio- 
sterol, the serum calaum had mcreased from 6 3 
to 7.7 mgm, jwr cent and six days later to 97 
(Figure 1) The mterpretation of these changes 
IS uncertain. They may have been caused by a 
delayed effect of viostaol caused by slow absorp- 
tion of the oily solution. Another possibility for 
the delayed action of vitamm D may have been 
diarrhea produced by administration of bile and 
lasting until the end of Penod 34 Unfortu 
nately, 5 days intervened at the end of this penod 
when no balance studies could be done. Whetha 
calaum and phosphorus retention occurred m 
this mterval is not known A furtha comphea- 
tion was mtroduced by admimstrabon of hva 
extra ct m Penods 35 to 36 Howeva, smee 
hva extract did not seem to influence the levels 
of serum calaum and morgamc phosphorus of 
the otha subjerts who received it, we are inclmed 
to minimis e its importance. 

The mcondusive effects of this experiment are 
to be contrasted with those obtained on Subjects 
R G P A., and S B , who were given the vita- 
ram orally and in much higha dosage.’ Sub- 
jects R G and S B received the vitamm D con 
centrate while mgestmg Diet VIII Both sub- 
jects had had tetany, and the level of calaum and 
morganic phosphorus m the serum was very low 
when treatment was started. 

*The vitamin D co n ce n trate was contributed by the 
Winthrop Chemical Company Inc. through the courtcry 
of Mr F E. Houghton. It was described as a solution 
of crystalline vitamin D in oil having a potency of 
1 000,000 U S P vitamm D imiU pet gram. 
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The effect on R G was prompt Almost im- 
mediately there was an increase in the phosphorus 
content of the unne (Figure 3) followed m a 
few days by a marked decrease in fecal phos- 
phorus (Table III) The latter more than offset 
increased unnary excretion and the balance be- 
came strongly positive Fecal calaum also de- 
creased markedly without any appreaable m- 
crease in urmary calaum The net effect was a 
considerable retention of both elements The 
changes in the serum were definite, both calaum 
and inorgamc phosphorus nsing toward normal 
(Figure 2) 

The fecal lipids were low on this diet and re- 
mained unaffected by the vitamin After 18 
days (Penods 34 to 37) butter supplements were 
added to the diet without produong appreaable 
change in the composition of the feces In 
Period 41 the intake of fatty aad had been m- 
creased in this manner to 91 grams daily and now 
approached the amount given in the control diet 
The latter (Diet VI) was substituted in Penod 
42, and symptoms of steatorrhea developed withm 
24 hours As Penod 30 was comparable to 42 m 
all respects except for the admimstration of the 
vitamin, it served as a useful standard of refer- 
ence There was appreciably less steatorrhea m 
Penod 42, and enough calaum and phosphorus 
were absorbed to produce positive balances The 
suggestion is, therefore, rather strong that ste- 
atorrhea had been lessened by relief of the vita- 
mm defiaency The mechamsm of the effect 
remained obscure It may have been related to 
better absorption of calaum from the mtestine, 
to decreased mtestmal irntabihty accompanymg 
a higher level of calaum in the blood and tissues, 
or to some factors at present unknown Johnson 
(16) thought that, when viosterol was adminis- 
tered to a patient wath an ileal fistula, the rate of 
propulsion of the contents of the small bowel 
decreased giving a longer absorptive period 
Case S B ’s metabolism -was followed for a 
much shorter time, but the data given in Table 
show a similar response to vitamm D therapy 
Case P A 's steatorrhea was so mild that there 
was ^er)' httle tendency to diarrhea, even while 
ingestmg the diet (VI) to which R G gave evi- 
dence of marked intolerance. He recaved the 
ntamin D concentrate together with the high fat 
ration in Penods 20 to 27 (Table V) There 


were no definite signs of D avitaminosis prior to 
treatment Serum calaum and morganic phos- 
phorus were normal and did not increase with 
treatment The excretion of unnary phosphorus 
increased as it had in the other patients (Figure 
3), but the mam effect was on the feces De- 
creased excretion of fecal calaum and phos- 
phorus led to a good retention of both elements 
The excretion of fecal fatty aads remained 
imchanged 

It IS evident that the oral admmistration of a 
smtable vitamin D concentrate proved an effec- 
tive means of correcting the calaum and phos- 
phorus defiaencies of severe and mild steator- 
rhea The solubihty of the vitamin in fats has 
been suggested as a cause of its poor absorption 
(17), and seems adequate reason for its adminis- 
tration in connection with a diet that reduces 
fecal hpids to a low level This does not neces- 
sarily imply the rigid exclusion of dietary fats m 
all cases (cf , Case PA) 

With the exception of J B , it is probable that 
the dose of vitamin D was considerably greater 
than necessary Obviously this point requires 
further study Improvement in general health 
and absence of untoward symptoms seemed to 
exclude any toxic action 

Once the body has been thoroughly saturated 
with the vitamin, it is excreted or inactivated 
quite slowly and continuous admimstration may 
not be necessary (15, 18, 19) One of our pa- 
tients, R G , has mamtamed the calaum and m- 
orgamc phosphrus concentrations of his serum at 
normal levels without additional medication for 
more than six months It has perhaps been pos- 
sible for him to absorb suffiaent vitamm D from 
his diet for mamtenance, espeaally since he has 
followed dietary instructions faithfully and has 
had no diarrhea. Patient S B , on the other 
hand, has shown a definite tendency to develop 
hypocalcemia and hypophosphatemia when his 
food was no longer fortified with viosterol The 
time mterval mvolved is not known accurately, 
but relapse has occurred m less than eleven 
months (see Case report (8)) Direct compan- 
son of the duration of the vitamm D effect m the 
two patients is not possible because of the dif- 
ferent mitial dosage and thar different modes of 
hvmg 

There are some points of mterest m regard to 
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TABLE IV 


Case Effect of vitamin D on calcium and phosphorus metabolism 
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table V 


Case PjL Effect of viiamn D administration 
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the action of vitamin D which remain to be con- 
sidered Albnght and Sulkowitch (13) have 
stated that massive doses of the vitamm increase 
the excretion of phosphorus m the unne. This 
effect was particularly noteworthy in Subjects 
R G and SB In the latter, the paths of ex- 
cretion were completely reversed The phos- 
phorus in the unne during the second period on 
the ntamin was about 2 5 times as great as dur- 
mg the control penod (Compare Penods 2 and 
5, Table IV ) Ah of this extra phosphorus 
seems to have been denved from increased ab- 
sorption from the gut. ^Vhlle the fecal calaum 
decreased, it w'as not reduced as much as might 
have been expected from the decrease in fecal 
phosphorus The result of treatment of R. G 
was essentially the same. The effect of vitamin 


D was clearly apparent m the first penod in 
which it was given (Penod 34, Table III) The 
excretion of phosphorus m the unne mcreased 
about 470 mgm a day, but there was little or no 
change in the fecal excretion of either calcium 
or phosphorus An effect on the feces was noted 
in Penod 36 Fecal phosphorus decreased by an 
average of 768 mgm per day below the control 
level established in Penods 31 to 33 Fecal cal- 
aum fell 388 mgm below its control level The 
actual phosphorus balances of both patients were 
considerably in excess of the theoretical balances 
(22) These findings are difficult to reconale 
with the view that the increased absorption of 
phosphorus after vitamin D was entirely sec- 
ondary to the absorption of calaum The argu- 
ment might be raised that the absorption of phos- 
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phorus was secondary to the combined absorp- 
tions of calaum and magnesium Reference to 
Table VI in which it has been assumed that each 
miUhnol of phosphorus was combmed with 2 
m.eq of base does not pomt to any considerable 
partiapabon of magnesium m the absorption of 
phosphorus About all that can be said on the 
basis of the data at hand is that the vitamin, (o) 
mcreased excretion of phosphorus m the tinne 
before it affected the fecal excretion, (b) mar- 
kedly mcreased the absorption of both Ca and P 
from the gut, and (f) appeared to increase the ab- 
sorption of magnesium 


TABLE VI 

Calcium mapienum and phosphorus in ^eccs before and 
during vtlamtn D admtnislraiian 
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39 

22 

18 

40 
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COMMENT 

The development of defiaency states in ste- 
atorrhea and m sprue leads to a viaous orcle. 
The function of the gastro-mtestmal tract suf- 
fers first as a result of some unknown primary 
disorder im pair ing its absorptive power and then 
from malnutnbon and specific defiaenaes which 
further reduce the tolerance for foods which can- 
not be properly digested and absorbed Qmical 
recovery may result from relief of recognizable 
defiaenaes such as macrocytic anemia and oste- 
omalacia, if combined with appropriate dietary 
therapy The latter permits restitution of bodily 
tissues and functions affected by malnutrition. 

Our expenence with liver extract m treatment 


of two patients, one of whom had hypochromic 
anemia and mild steatorrhea, the other a very 
mild macrocytic anemia and severe steatorrhea 
did not pomt to a speafic action of the extract on 
the fatty diarrhea. The quantities of extract 
used were in general comparable to or larger than 
the amounts found effective m tropical and non 
tropical sprue by other mvestigators (1, 2, 3, S) 
The essential differences were perhaps thnt our 
sub;ects were nearly free from chnical signs of 
any defiaency which could unquestionably be re- 
lieved by hver and m addition were kept upon a 
ngorously controlled diet, proven m each mstance 
to be assoaated with steatorrhea It was hoped 
that the deliberate use of such a diet, the effect of 
which on the subject was carefully measured m 
advance might enable us to distmguish a specific 
effect of liver extract on steatorrhea, if such 
existed. The evidence seems to be against a 
speafic effect ather on the mtolerance for fats 
or carbohydrates. The latter has been judged 
by the failure of glucose tolerance to show ma- 
teria] improvement (Case reports (8)) 

The statement by Venfir (20) that Ae under- 
Ijnng biochemical defect m steatorrhea is a failure 
m phosphorylation of fatty aads and glucose 
awaits clinical confirmation. Smee the hypo- 
thetical defiaency is a lack of flavin phosphoric 
aad, and, smee hver extract contains this prm- 
aple (21) one might expect improvement from 
adequate dosage of hver Perhaps the amounts 
we have used were madequate or the preparation 
may have been too highly purified (7) 

One or more other factors m the vitamm B 
complex are represented in hver extract The 
evaluation of the defiaenaes which their lack 
produces may be difficult or impossible in the hu- 
man subject particularly when masked by another 
disease. For example, should the patient with 
steatorrhea develop the type of digestive disorder 
not mfrequently observed m the pellagnn, then 
hver extract might prove of considerable benefit, 
espeaally smee the diarrheal disturbances pro- 
duced by the two syndromes would probably be 
additive. 

Conjecture as to the probable course of events 
leadmg to the D avitaminosis leaves at least two 
alternatives (a) it may be regarded perhaps as 
among the secondary mamfestationE of the dis 
ease. Malabsorption of fatty aads as suggested 
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by Lmder and Hams (17) would then be con- 
sidered primary The high concentrafaon of in- 
testinal fat provides a medium m which the vita- 
mm IS readily soluble and hence its uptake by the 
mtestinal epithehum is impaired A similar ex- 
planation would account for the apparent failure 
of these patients to absorb a vitamm A concen- 
trate Diarrhea when present must be included 
as an additional hindrance to absorption (b) 
The delayed absorption of glucose in glucose tol- 
erance tests done in a postabsorptive state cannot 
be readily laid to the mechanical effects of fat 
and seems to point to a more general impairment 
of the absorptive power of the gut Possibly tests 
of the ability to absorb other simple substances 
would show a similar delay If this were found 
to be the case, then the various defiaency states 
that arise might be regarded as part of a general 
failure of intestinal absorption which is obviously 
mtensified by diarrhea 

SUMMARY 

1 Prolonged intramuscular adrmmstration of 
liver extract to patients with idiopathic steator- 
rhea (non-tropical sprue) failed to cause im- 
provement m the absorption of fatty aads, cal- 
aum, phosphorus, or nitrogen 

2 In one patient the inverse relationship be- 
tween calaum and inorgamc phosphorus in the 
serum was found when both these elements were 
at subnormal levels, before vitamin D was ad- 
ministered In another patient under the same 
conditions the level of phosphorus m the serum 
did not change markedly when the serum calaum 
changed It is suggested that this difference in 
behavior may be owing to difference in activity 
of the parathjTOid glands or difference m rate of 
absorption of phosphorus from the mtestme 

3 The oral admmistration of large doses of 
wtamin D caused the foUowmg changes 

(a) Increased excretion of phosphorus in the 
unne before there was evidence of improved 
calaum absorption 

(b) Increased absorption of calaum from the 
intestine 

(c) Inaeased absorption of magnesium from 
the intestine. 

(d) Inaeased absorption of phosphorus from 
the intestine. The magmtude of this inaease 


was such that it was probably not entirely sec- 
ondary to improved absorption of calaum and 
magnesium 

(e) Some improvement of fatty acid absorp- 
tion in two patients This was interpreted as 
caused by improved calaum absorption or de- 
crease m the rate of propulsion through the small 
intestine, and probably not to improvement of 
the primary disorder 

(/) Improvement of absorption of -water and 
nitrogen from the feces These likewise were 
interpreted as secondary effects 
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The demonstrahon by Hama Ray, and Ward 
(1) of a correlation between the urinary excre- 
tion of ascorbic aad and the dietary intake has 
led to many investigations of ascorbic aad raetab- 
obsm based on the technique suggested by these 
authors Sendroy and Schultz (2) have given 
espeaal attention to some of the possible factors 
affectmg tests based on urinary excretion values 
A urmaiy excretion test rmght also be affected by 
another factor, namely, that of kidney funebom 

The difference between the ascorbic aad m the 
test dose and the amount in the urinary output 
has been ascribed ather to a defiaency, leading 
to storage, or to an mcreased destruction of the 
material in the body Nevertheless, it might be 
increased especially in disease, by a lowered ex- 
cretion rate. In the great majority of nutnbon 
studies there has probably b^ httle err o r m 
volved in the neglect of this factor, or m the tacit 
assumption that renal function was unvarying or 
normal m the cases observed However, smee 
such tests may and, mdeed have been apphed 
under conditions where kidney function was im 
doubtedly abnormal, it seemed desirable to m- 
vestigate the effect of this factor and to learn 
something of the mode of renal excretion of 
ascorbic add 

Dngalski (3), who studied a vanety of patho- 
logical conditions, among which were Addison's 
disease, acute nephritis, and nephrosis (but one 
case m each condition) concluded that the ex- 
cretion of ascorbic aad in the urme was inde- 
pendent of changes in kidney function with re- 
spect to glomerular or tubular damage. Siwe 
(4) studied one case of Addisons disease and 
found a decreased excretion of mgested ascorbic 
aad Shortly thereafter, Wilkinson Manch, and 
Ashford (5) studied the ascorbic aad urme ex- 
cretion of three women with Addison’s disease, 
and observed a poor response to test doses 

1 Present address — Department of Medidbe, Lco^la 
University School of Medicine, Mercy Hospital Ch ic ago. 

* Present address— Uravenlty of Chicago Chicago. 


They concluded that the degree of ascorbic aad 
subnutnbon in their cases paralleled the seventy 
of the disease However, they did not take into 
considerabon the possibility that their results m 
dialed not a disturbance of ascorbic aad metab- 
olism but a funcbonal renal insuffiaency, which 
IS one of the well known characteristics of 
Addison s disease. 

Van Eekelen s (6) observation that a surplus 
excretion of ascorbic aad occurs in the unne 
when the blood level of about 1.3 mgm. per 100 
cc. IS exceeded, seems to have been the first in 
diation that a renal threshold was involved 
Limd (7) and Faulkner and Taylor (8) have 
also concluded that the ascorbic aad concentra- 
tion in the urine is dependent on the serum con- 
centration, The latter authon found a thresh 
old level of about 1 4 mgm per 100 cc. of serum. 
Because of the unknown effect of renal impair 
ment on urinary excretion, Wnght, LHienfeld, 
and MacLenathen (9) have advocated, as a cn- 
tenon of nutntional saturation of ascorbic add, 
a study of the blood curve m addition to measure- 
ment of the unnary excretion, after intravenous 
mjection of ascorbic aad More recently, 
Wnght and MacLenathen (10) have studied a 
patient who bad malignant hypertension, with a 
mtrogen retention defimtdy mdicative of a di- 
minished renal function This mdmdual, de- 
spite a history of adequate ascorbic aad intake, 
showed a distinct retention of the mjected test 
dose. The low output m the urme, usually a 
sign of subnntntion, could therefore be attnbuted 
to kidney damage. 

On the basis of simultaneous ascorbic add and 
inulm dearanccs in man (in presumably normal 
individuals) over a wide range of plasma ascorbic 
aad concentrations Friedman, McGoey, and 
Ralli (11), and Ralli, Fnedman, and Rubin (12) 
have found further evidence of the threshold 
nature of ascorbic aad renal excretion 

The present paper is concerned t, 

tatxve study of the effect of 
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renal impairment on the unnary excretion of 
ascorbic aad in man The excretion after the 
administration of large test doses was determmed 
under conditions as normal as possible \vith re- 
spect to the nutritional and metabolic factors af- 
fectmg the test The unnary output was then 
directly correlated -with renal function, which w'as 
subsequently determined by simultaneous as- 
corbic aad and urea clearance tests 

METHOD 

As subjects, there were used eight patients previously 
hospitalized for some form of renal disease, and four 
normal individuals serving as controls 

Ascorbic acid utilisation test 

This was not done at this time on the normal subjects, 
two of whom (Subjects 9 and 10, Table II) had been 
tested previously The utilization mdex for normals has 
been found by Sendroy and Schultz (2) to vary only 
within the average Imnts of 67 5 + 5 5 The mdex 
was determined, however, for each patient, it being 
ascertained that the diet had been adequate with 
respect to ascorbic aad, pnor to the excretion test Of 
these cases, none was disturbed by digestive (anorexia, 
etc ) or metabolic (fever, etc ) disorders during the test 
The unnary excretion test was carried out, with a few 
modifications, according to the technique of Sendroy and 
Schultz (2) The diet durmg the test contained the 
mimmum of ascorbic aad (less than 12 mgm. daily) 
After 48 hours, this was supplemented, for the next seven 
days, by the addition of 250 mgm. of " Redoxon " (f- 
ascorbic aad, Hoffman-La Roche) daily, taken after 
breakfast Fluid mtake was somewhat restricted 
Collection of unne specimens At the beginning of a 
test penod, the unne voided at 8 am, was discarded 
The last specimen for every 24-hour period was obtained 
at 8 am. Although Sendroy and Schultz's method (2) 
of collection has been shown to give satisfactory results, 
the following procedure, involving the use of a preserva- 
tive to prevent ascorbic aad oxidation, was adopted be- 
cause of its greater convemence and accuracy 
All of the unne voided was quickly transferred to, and 
stored in, 750 ca specimen bottles Usually, two bottles 
sufficed for the 24-hour collecboa Each bottle W'as 
prepared for use by the pnor addibon of a preservative 
mixture consistmg of 75 cc, of S n HjSO» solution (ap- 
proximately 135 ca of concentrated HjSO, per liter), 0 75 
ca of 0 1 M 8-h> droxyqumoline solution (145 grams per 
100 ca 95 per cent ethjl alcohol),* and U ca of toluene, 

* Sulfunc aad and S-hj-droxygumohne were suggested 
for use m unne analvscs bj Dr E S Guzman Barron 
(see “ Expenraental ” section) We have found alcohol 
a better solvent for 8-h} droxyqumoline than dilute sul- 
func aad, m that solutions could be kept for use for at 
least one week without visible color changa Toluene 
was added to rmmmize bartenal action. 


ap BeUveen voidmgs, and between the time of the last 
speamen collection and that of the analysis, the bottles 
w'ere kept stoppered, in a refngerator, at about 5° C 

Titration of unne specimens For analjsis, the total 
24-hour output (together with the added preservative) 
was mixed and measured m a graduated cylinder, from 
which duplicate samples of from 2 to 20 ca were with- 
drawn, depending on the concentration of ascorbic aad 
present Water, to bnng the total volume to about 48 
ca, and 2.5 ca of glaaal acetic aad * were added. Titra- 
tion with 2,6-dichlorophenol indophenol was earned out 
as desenbed by Sendroy and Schultz (2), except that the 
mdicator was standardized against a solution of ascorbic 
acid (“Redoxon”) in 2 per cent metaphosphonc acid 
instead of m water 

Urea and ascorbic acid clearance tests 

Simultaneous clearances were done on all subjects, pa- 
tients and normals, after the completion of the unnary 
excretion studies When the clearance test was begun 
some time after the utilization test was finished, large 
doses of ascorbic aad were fed durmg the interval, in 
order to avoid the complications of a possible “ under- 
saturahon.” 

The clearances were determined by the techmque used 
by Van Slyke and coworkers, with modifications as de- 
scribed for urea by Van Slyke, Page, Hiller, and Kirk 
(13) On the day of the expenment, the subject was 
depnved of breakfast At 6 a,m. he received 200 ca of 
water per os, followed at 7 a.m. by 500 mgm. of " Re- 
doxon'’ and 200 ca of water At 8 a.m. an additional 
200 ca of water were given At 9 a m, the first of two 
one-hour penods was started. At the middle of each 
penod of urme collection, blood was drawn 

Urine analyses The unne was transferred, imme- 
diately after collection, to a measunng cylinder (con- 
taming no preservative), covered with mmeral oil, and 
then immediately analyzed for ascorbic aad as described 
above Urea analyses were done accordmg to Van Slyke 
and Kugel (14) 

Plasma analyses Blood was drawn mto a syringe and 
immediately separated mto tu’o portions For the as- 
corbic acid analysis, 7 ca were placed in a centrifuge 
tube contammg 14 mgm KjCjO, and quickly centrifuged 
(5 mmutes) Of the plasma, 3 ca were deprotemizcd 
with metaphosphonc acid (15) and immediately centri- 
fuged for 15 mmutes Five ca samples of the super- 
natant were titrated with a 2,6-dichlorophenol indo- 
phenol solution (approximately 0 0065 gram per 100 ca) 
Blank determinations were done with 2 per cent meta- 
phosphonc aad The mdicator was standardized against 
a 1 ca sample of ascorbic acid solution (about 10 mgm , 
accurately waghed, m 200 ca of 2 per cent HPO,), plus 
4 ca of 2 per cent HPO, Urea analyses were done on 
the plasma or serum from another portion of blood (13) 

* Glaaal acetic aad is more convement to use, and less 
expensive than trichloracetic aad, which has been used 
m vanous laboratones (2) 
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ECTEmnarrAi. 

Tht preservattm of aseortnc aad in urine In study 
mg some of the factors Involved m the oxIdtUoa of 
ascorbic add m the average untreated urine over varying 
periods of time prior to analysis Sendroy and Schultz 
(2) showed that the oxygen tension was the roost im 
portanh They vra-e able to retard oxidatioo. by exduslon 
of air from the sample bottles which were stored over 
night In the cold- Although thdr procedure gave satis 
factory results it was thought desirable to use a simpler 
techmque, and one which would eliminate the loss of 
btratable ascorbic aad tn ilir pretence of <nr by inhibi 
dcBi of the action of oxidative catalysts such as copper 
(16 17) 

Fujita and Iwatake (18) found that 2 per cent meta 
phosphoric aad greatly retarded tpontaneoas oxidation 
of ascorbic add solutloiis a fact confirmed by Musnim 
and King (19) We endeavored to use this material at 
a protective agent for urmary ascorbic add. Solid 
HPOi, to make a concentration of 2 or 5 per cent In 
lolubon was added to urine samples with and without 
added ascorbic add. Portions of the urine samples were 
Immediately titrated with 2/S-dichlorophenol IndophenoL 
The remainder was then stored for about 24 hours in the 
refrigerator in spedrocn bottles exposed either to one- 
half volume of air or merely to the bubble left wboi a 
Completely filled bottle was stoppered. Varying amounts 
of toluene were alto used- After 24 hours the samples 
were again analyzed for ascorbic aad. The results are 
indicated In Table I Apparently under these conditiom 
there U a loss of btratable material equivalent in con 
Oentratlon to from 0 to 3 mgm. of asco^c add per 100 
cc. of unne. The percentage loss will therefore tend 
to be greater m the samples of lower concentratioos 
although the variation from urine to urine is such that 
Ho rule of prediction may be applied. In general It may 
be conclnded from these results that in the presence of 
air at low temperature (5 C) over a period of 24 
hours ascorbic add may be preserved in urine, in the 
presence of S per cent mctajiiosiionc add and 0,2 per 
Cent toluene, xvith a probable loss of 6 per cent 

While we were engaged in the preliminary studies of 
the effect of raetapbosphoric add, Dr E. S G Barron 
Informed us that be had already found a suitable pre- 
servative for onnary ascorbic add, and kindly suggested 
Its use for our studies which we were anxious to do 
while the dlnlcal material was available. The inhibitory 
effect of 8-hydroxyqalnollDe on ascorbic add oxidation 
in vegetable and fruit Juices has since been reported by 
Barron Barron, and Klemperer (17) The experimental 
data in support of the use of 8 hydroxyqumolme and 
tulfunc aad for unne analysis have not as yet been 
pubhshed from tbcir laboratory However m the mean 
whik, H will suffice for us to say that we have thor 
oughly tested the preservative that we have found it, 
with toluene and storage ra the cold, more effective than 
any other procedure in preventing the oxidatioo of as 
corbie aad m the varying coocentrations found in unne 
after a lest dose that the loss of titratable ascorbic add 


TABIE I 

The preserralien of atatrlnc aad tn urtne hept at 5^C for 
24 hows VHih added metaphosphortc aetd 
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IS usually limited to 2 to 5 per cent over a period of 
24 to 48 hours. Moreover we have found that the con 
centration of pmervative may be increased at least five 
tin^ without affccUnB the titrahoo. It therefore does 
not matter if the 750 cc. spedmen bottles are not filled 
to capadty 

Smcc the unne of nephritic patients is usually aftni 
mmous the effect of protrw on the tUraium of ascorbte 
aad tn urtne was Investigated For this purpose sev 
cral 24-bour specimens of unne containing from 0,86 
gram to 10,38 grams of protein pc htex were collected. 
Because of the sulfuric add m the pres erva tive, some 
proton was already precipitated out when the •peciroens 
were received in the laboratory With sturing this 
matenai was uniformly dittribirtcd throughout the flmd, 
which was then divided into three portions. Titrations 
were done on one portion immediately on another after 
separatiem from the solid matter by centrifugation, and 
on another after deprotemiiation with metaphosphonc 
add (to make a 2 per cent concentration) The results 
of the titrations of the three portions were practically 
identical for the several spedmens tested. Comparisons 
of freshly voided albummoos unnes with and without 
dcprotciniiatian with trichloroacetic add fafled to show 
ai^ differences in the titration values 

The preservation of ascorbic aad tn pJasma FoiliTW 
Ing Fujita and Iwatake s observation (18) concerning 
its itabllmng Influence in ascorbic aod solutions, it 
teemed logical to employ metaphosphonc add for plasma 
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analyses, since it is also an adequate blood deprotenuzing 
agent, as has been shoivn by Hiller and Van Slyke (20) 
When Farmer and Abt's revised procedure was published 
(15), we had already finished experiments, the results 
of which were m agreement with their work In con- 
firmation of their findings, and those of Pijoan, Town- 
send, and Wilson (21), we observed a loss, on standmg, 
of substance htratable with 2,6-dichlorophenol mdo- 
phenoL This loss was presumably owmg to oxidation 
of ascorbic acid On the assumption that such was the 
case, although no proof exists that it is ascorbic aad 
that IS lost under these conditions, it seemed that the 
most reliable values were those obtamed for samples 
deproteimzed withm the minimum time after withdrawal 
of blood 

In order to prevent such losses of btratable ascorbic 
acid, Pi;oan and Klemperer (22) have recommended 
as an inhibitor the use of 0 1 per cent KCN m blood 
before deprotemization. In testing their procedure, we 
did find mcreased values as a result of addmg KCN to 
blood, but KCN did not prevent the loss of titratable 
ascorbic acid which occurred when plasma stood for 2 
hours before deprotemization. Furthermore, blank analy- 
ses with the protem precipitant and KCN were too 
high and too vanable to afford confidence m the reha- 
bihty of the results More recently, others (23, 24) have 
questioned the efficacy of addmg KCN to whole blood 
when ascorbic aad titrations of metaphosphonc aad 
filtrates are made with 2,6-dichlorophenol mdophenol 
The first group of workers (Friedman, ct al) found that 
KCN mcreased the amount of dye required up to physi- 
ological concentrations in plasma. Beyond that, at higher 
concentrations, KCN filtrates gave lower values than 
the “ unprotected ” ones In all cases, whatever values 
were obtamed remamed constant for almost three hours 

Farmer and Abt (24) have come to the conclusion that 
when KCN is used with thar procedure, the mhibitor 
mvahdates results They found that KCN does not pre- 
vent loss of ascorbic aad from blood on standing, al- 
though it does decolonre 2,6-dichlorophenol mdophenol 
m HPO, solution and m blood plasma filtrates, thereby 
mcreasmg the amoimt of ascorbic aad apparently pres- 
ent Our own results were similar to theirs It appears, 
from the foregomg, that KCN, while not preventing loss 
of ascorbic aad, may, under certam arcumstances by its 
decolonzmg effect on the indicator, exhibit a compensat- 
mg “stabilizmg” effect At the present time, therefore, 
for dependable ascorbic aad values by the method of 
Farmer and Abt (IS), it would seem best to follow 
their recommendations (15, 24) that the blood be cen- 
trifuged tTMticdxatcli after withdrawal, the plasma sep- 
arated, and deprotemization earned out as quickly as 
possible. 

RESULTS 

From the results shown m Table II and Figure 
1, there is a distinct, although only roughly quan- 
titativ e, relationship between the utihzation index, 
as foimd by urinaiy excretion studies, and the 



UREA CLEARANCE, PER CENT OP NORMAL 

Fig 1 Relationship between Results of UiuNARy 
Excretion Tests for Ascorbic Acm, as Indicated bv 
the Ascorbic Acid Utilization Index, and Kidney 
Function, as Indicated by Urea Clearance Deter- 
minations 

The dotted hne follows the average, normal value for 
the mdex. The numbers of the pomts refer to the sub- 
jects of Table II 

ladney function as judged by the maximum or 
standard urea clearance With the exception of 
Case 6, the subjects ■with low percentages of nor- 
mal urea clearance show a subnormal unnary ex- 
cretion of ascorbic aad The evidence is suf- 
fiaent to indicate that under otherwise normal 
conditions of ascorbic acid intake and output, 
when there is impairment of renal function, as 
m these cases of nephritis, there is a correspond- 
ing ascorbic acid retention, and a lowered excre- 
tion in the unne 

If the ratios of ascorbic aad clearance relative 
to urea clearance be calculated (Gilumn 14, 
Table II) there is found a more marked and 
somewhat more quantitative difference in the 
renal excretion of ascorbic aad of the two 
groups, normal and nephntic. When kidney 
function IS approximately normal, the ratio is 
about 0 5 For the nephritic group, the ratio is 
about 1 1 The increase m the ratio •vanes ^vlth 
decrease in renal function These findmgs are 
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TABLB II 
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• The absolute values for the cleftrance* are all calculated as UVclP The per cant of normal Column 13 is 
calculated by either the standard or maximum urea clearance equatioD (25) axxordlng to the unne volume. 


consistent with the observations of Fnedman, 
McGocy, and RalU (11) and of Ralh Fnedman, 
and Rubin (12), that the ascorbic aad clearance 
increases with rising plasma concentration until 
a limiting value is reached. 

Under the conditions of our expcnments, t e , 
with nephntic subjects m whom the renal lesions 
were m varymg degrees of activity, the excretion 
of ascorbic aad vaned with the funcbonal capa- 
city of the kidneys Presumably, any disease or 
condition whidi reduces renal fimction, eg, 
Addisons disease, would also impair the excre- 


tion of ascorbic aad. In such cases, excretion 
tests for ascorbic aad would give results which 
would be false with respect to the nutntional 
state. We suggest, whenever excretion tests give 
values indicative of ascorbic aad defiat m the 
body that the tests be further controlled by ade- 
quate renal function measurements 

SUM MARY 

Abnormally slow excretion of adramistered as 
corbic aad does not necessarily indicate a low 
ascorbic aad content of the body when renal 
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function IS low , because renal damage retards ex~ 
cretion, even w'hen no ascorbic aad defiat exists 
The effect of lowered kidney funcfaon on the as- 
corbic aad clearance runs approximately parallel 
to the effect on the urea clearance 
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It has been shown that patients wth rheumatic 
fever continue to produce antibodies to hemolytic 
streptococcus for months after the subsidence of 
an apparently transient respiratory infection 
The vanous clinical types of rheumatic fever are 
accompamed by characteristic t>'pe3 of antibody 
response. In monocyclic attacks with acute on 
set, a penod of severe illness and relatively rapid 
recovciy, the titer reaches maximum relatively 
early — within a month of the onset of rheumatic 
symptoms In attacks with insidious onset, 
where repeated cycles of progressive severity cul 
minate m severe carditis months later the titer 
rises more gradually, reaching its maximum 
height late m the illness (1) This close relation 
between the course of antibody production and 
the clinical character of the rheumatic attack has 
stimulated us to investigate the underhung reason 
for the prolonged development of streptococcal 
antibody in this disease. 

The simple hypothesis that the mfectious agent 
persists throughout the period of nsing titer docs 
not lend itself to direct proof or disproof m the 
human subject During convalescence from 
pharyngitis, hemolytic streptococcus commonly 
disappears from the mucosa of the upper respira 
tory tract, and only the occasional patient fur 
nishes the opportunity to recover it later from 
deeper tissues, such as an accessory smus middle 
ear or tonsils Tlie impossibility of thorough 
bacteriological studies of deep tissues m human 
subjects has obliged us to use an indirect ap- 
proach to explain the significance of prolonged 
antibody development The purpose of this 
paper is to summarize such indirect evidence as 
we have been able to obtam and to indicate its 
bcanng on the rheimiatic fever problem The 
data have been collected from naturally occurring 
throat mfections in human subjects and from 
experimental infections in the gumea pig 

^Tbe work reported m thu comnnmicaUon was car 
ned oat under the W K. Kellogg Foundaboo Fund. 


I THE PROLONGED DEVELOPMENT OF BOTH ANTI- 
STREPTOLYSIN AND ANTI-M SUBSTANCE 

Quantitative studies have shown that the titer 
of antistreptolysin rises following uncompheated 
streptococcal throat mfections, reachmg a maxi- 
mum value in about three weeks following mfec- 
tion,* During continued rheumatic activity, 
however, this titer mcreascs progressively for ex- 
tended penods of time, sometimes as much as soc 
months The titer does not fall until recovery has 
begun This is illustrated (Figure 1) by Patient 
E G who developed different types of rheumatic 
attacks m successive jears (1934 intense mono- 
cyclic, 1935 insidious polycyclic) 

Poiuni E Number 34S168 a »bc year old girl with 
rheumatic heart duease, xvas convalescing at the Felhaxn 
Home when in April 1934 ihe contracted pharyngitis with 
hemolytic strcptococou Group A, Type 26. T^vo weeks 
later she developed a severe attack of rheumatic fever, 
reachmg maximum mtenalty ooe month after mfectioo. 
At this time she had pancarditis and pulmocaiy consob 
dation At the height of illness the antistreptolysin Utcr 
reached its peak, about five weeks after infection. 

One year later this patient again contracted pharyn 
giUs \Yith hcinolyhc streptococcus Group A (not typed) 
Two weeks after infection she complained of fatigue 
and vague abdoailnal pam (Cycle 1 of rheumatism) 
Five weeks after infection she developed chest pam, 
slight erythema marginatinn and tachycardia (Cycle 2) 
although these symptoms were mild and the blood sedi 
mentation rate rose to 100 mm, per hour (Westergren) 
Five weeks after infection she developed severe precordjal 
pam, polyarthritis and facial edema. This was the third 
cycle m the rheumatic attack but the first with frank 
clmkal symptoms. There were four other classical cycles 
m the next four months. In contrast to the previous 
year the anhstreptolysm titer rose slowly during this 
attack and did not reach its peak until about fire to six 
months after bfcction. 

This pabent Qlastrates a characteristic relabonship be- 


* Observabons in the past have shown that other in 
fections, including poenmooia, chickenpox, measles 
mumps, common colds, infioenza, appendicitis, and non 
specific agents (such as typhoid vaccine amd tetanus 
anbtoxm) do not increase the pnbstreptolyrm , 
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Antistrep 
■tolijsin 
Tfter units 

Weeks after infection 
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. Patient E a 1934 

Clinical 

course 

Mild Fulminalinq Recoveru 

hera rheumatic 

strep pancarditis 

pharun- 
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^^^PatierT^^ 

Clinical 

course 

Hem Cqcle Cycle Cycle Cucle Cycle Sloui im Symptom Cbntinuous 

strep. 1 n HI E? tL prove- free Improvemarl 

cervical of mllQ intense Subcu- mentin steady rheumatic 

adenitis Rheumatic activity -tancous qeneral Improve process 
Fever nodules appearance merit steadily 

subsiding 


Fic 1 The Antistseptolysik Curves Associated with Different Types of 

Rheumatic Attacks 


tsveen titer curve and clinical course severe, acute attack 
accompanied by early peak m antistreptolysin titer, pro- 
longed polj cyclic attack accompamed by a slowly nsmg 
titer reaching its peak several months after mfection. 

The presumable stimtJus for this progressive 
increase m anbstreptolysm is the continuous re- 
lease of streptolysm mto the tissues of the pa- 
tient If the release of streptolysm should occur 
alone, t\’ithout other streptococcal antigens, strep- 
tolysin then would appear to be closely assoaated 
with the pathogenesis of rheumatic fever How- 
ever, if the prolonged development of antistrep- 
tolysin is accompamed by a similar development 
of other streptococcal antibodies, then the anti- 
streptolysm response merely indicates that the in- 
fectious agent as a whole remains active some- 
where in maccessible tissues To obtain evidence 
bearing on these possibihties, parallel studies were 
made of the development of antistreptolysin and 
of preapitins to Lancefield's type-speafic M sub- 
stance 


Anti-M preapitms are known to occur in non- 
rheumatic subjects following hemolytic strepto- 
coccal throat mfections (2, 3) They generally 
appear and subside a little later than antistrep- 
tolysin, being maximal at about 5 weeks after the 
onset of infection (3) Anti-M preapitms also 
occur m the sera of rheumatic patients, but we 
have not followed the course of thar development 
m relation to antistreptolysin except in a few 
isolated cases (3) We therefore conducted the 
following study 

Procedure 

Sera were collected from rheumatic subjects at weekly 
intervals from the onset of pharyngitis over a period of 
three to six months Sixteen mdividuals who developed 
rheumatic fever compose the group reported m this 
stud> Each sample of serum was tested m three ways 
Antistreptolysm was titrated according to our standard 
procedure (4) Anti-il tjpe-specific prccipitms were 
estimated according to Lancefield’s method (5) Type- 
specific agglutinins were estimated according to the slide 
agglutmation technique origmally described by Griffith 
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(6) and used by ouneIv« (7) for the typfng of hemo- 
lytic ftreptococcas. Tyi)c-«pcdfic M-»ubstancc$ for the 
preapitin tests were prepared by extracting cultures of 
the organism recovered from the patient i throat daring 
the acute infection. The slide agghitmation tests were 
carried out on the patients serum with suspensions of 
the patients orgamsm and with control stopensions of 
other serological types 

Resttltj 

All sixteen patients developed a sinking rise 
m the antistreptolysin titer and all developed 
typC“Speafic antibodies Fourteen showed prc- 
apitins and eleven gave shde agglutination 
reactions The times when maximum titers oc- 
curred are shown m Table I 

TABLE 1 

Ttme oj occurrence ike rketmaiic aUack of ike pahenlt 
maximum antibody leod 


We{,k of rbearoAtlc attack 


P»tkat 


1 AoUU 

condltlcn 


Aiitl«it;y 






Predpltln 

Aulotlah) 


AX 

3 

2 

a 

Height of attack 
Early tubsldeftce 
Height of attack 
Early aubBldeoce 
Height of attack 
Early eubaidcoc© 
Subndmg 

AV 

10 

18 

24 

GX 

3 

7 


BD 

3 

12 

7 


3 

6 

2 

DK 

A.N 

3 

10 

5 

12 

5 

MJ'i 

5 

3 


Subsiding 

Early subrideoce 

VO 

4 

9 

9 

GP 

3 

2 

1 

Early subsidence 
Height of attack 

M We 

1 

2 


M Wi 

5 

8 

8 

Convalescing 

G3 

1 

3 


Height of attack 

W 

1 

2 

2 

Height of attack 

HD(i») 

6 


6 

Height of attack 

BX 

6 

8 

8 

Sut^dlng 


In the majonty of cases antibody to the M- 
substances continued to increase after the anti 
streptolysin titer had reached its maximum level 
Hence any prolongation of the immune response 
in these patients affected both antibodies and not 
antistreptolysin alone. These findings point to 
the prolonged activity of hemolytic streptococcus 
as a whole. 

n THE EFFECT OF POSTSTREPTOCOCCAL SEPTIC 
COMPLICATIONS ON ANTIBODY PRODUCTION 
Preliminary observations on non rheumatic 
subjects (3) indicated that m the absence of com 


plications, maximum antistreptolysin bters were 
usually reached withra three weeks after the on- 
set of scarlet fever and pharyngitis Subsequent 
studies have been made of a larger group of 
patients dunng reccFvery from streptococcal res 
piratory infections Some of these had normal 
recovenes and others developed septic comphea 
bons 

Eighty five cases, mcluding fifty-four of scar- 
let fever and thirty-one of pharyngitis, were 
studied from the onset of mfeebon through con- 
valescence for penods varying from six to six- 
teen weeks Of fifty mne pabents who had nor 
mal recovenes, fifty seven reached their maxi 
mum bter withm a month and two were delayed 
beyond a month. Twenty six patients had com- 
plicabons of varying degrees of seventy Of 
these, only fourteen reached maximum bter 
within a month. The data for pabents with and 
without complicabons are presented m Table II 


TABLE n 

The Humher of ftaitenls reochtnt tketr maximum anlutrffi/pl- 
yan tt/er at vanouc tima o/Ur Pte onul of 
ctrcfiococcai throat tnfcciionc 



The development of a sepbc compheabon was 
followed in most cases by a further nse in anb- 
streptolysm bter and the bme of this nse de- 
pended on when the compheabon appeared. Late 
increases in anbTjody bter occurred m fourteen 
pabents Twelve of these late nses were associ- 
ated with demonstrable acbvc infecbon 

In summary, it appeared that the antistrep- 
tolysin bter increased as long as the infectious 
agent conbnued to be acbve. 


HI THE EXPERIMENTAL PRODUCTION OF A PRO- 
LONGED ANTISTREPTOLYSIN RESPONSE 

It has been possible to produce an increase m 
anbstreptolysm bter m giunea pigs by mfeebng 
them experimentally with Group A hemolybe 
streptococcus, N Y 5 Using the agar focus 
technique, McBroom m this laboratory mduced 
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the development of antistreptolysin titers ranging 
from 50 to 1000 units in 33 out of 37 ammals 
(Uninfected controls liad titers of 0 to 10 units ) 
The agar foa gave nse to abscesses which rup- 
tured spontaneously and healed, as a rule, within 
6 weeks With heahng, the titers either remamed 
at plateau level without further nse for a number 
of weeks, or fell rapidly to zero 

Attempts were made to raise the titers of these 
guinea pigs stiU further by the injection of van- 
ous nonspecific antigens Filtrates from B ty- 
phosus, B Lcptisepttcus, and memngococcus were 
administered either intravenously, intrapericar- 
dially, subcutaneously, or intracutaneously None 
of these matenals had any effect on the anti- 
streptolysin titer levels 

It wns possible, however, to induce secondary 
rises in titer more than two months after the 
origmal focus, by the introduction of a new agar 
focus after the heahng of the pnmary lesion 
Fifteen guinea pigs were treated m this way, 
eight receiving the new focus before and seven 
receiving it after the titer mduced by the first 
infection had subsided Thirteen of these am- 
mals developed higher antistreptolysin titers after 
the healing of the second focus than they had 
shown after the first Of the seven pigs whose 
second focus was given after the antibody titer to 
the first had subsided, six showed a greater re- 
sponse to the second focus than they had to the 
first Five pigs received a third focus, which m 
each case gave nse to a new increase in titer 
The effect of repeated foa on the antistreptolysin 
titers of guinea pigs is shown in Figure 2 

In summary, the progressive development of 
high antistreptolysin levels in the guinea pig 
appeared dependent upon repeated mfections 
vnth hemolytic streptococcus 

TX THE RELATION OF INFECTION TO THE ANTI- 
STREPTOLYSIN TITER CURTO IN GUINEA PIGS 

Another group of 25 pigs was given agar foa 
and sacnficed at intervals thereafter Bleedings 
were taken from the heart every three weeks for 
antistreptolj sm determmations Six pigs with 
suppuratiie lesions and six others with healed 
foa w ere killed dunng the penod of nsing titers 
(before 6 weeks) The remaming thirteen pigs 
were autopsied at the end of 2 months or later. 



I indicates inoculation 
of aqar focus 


Fig 2 Antistreptolisin Curves in Guinea Pigs Fol- 
lowing THE iNDUCnON OF STREPTOCOCCAL AbSCESSES 

when their foa had healed and their titers had 
reached a maximum Careful bacteriological 
studies were made from the site of the focus, 
heart’s blood, lymph nodes, spleen, liver, and 
kidney 
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The results of these cultures were as follows 
No organisms were recovered from gumea pigs 
with stationary or fallmg titers irrespective of 
when the animals were killecL The twelve pigs 
lolled during the period of nsmg titer had viable 
organisms m the depths of the foCL 

SUMMARY 

Findings are presented which support the view 
that prolonged increases m streptococcal antibody, 
such as are observed m rheumatic fever, aigmfy 
subclinical activity of hemolytic streptococcus 

The authors are indebted to Drs, Josephine McBroom 
and Samuel Hunt for their help m the animal cxpcn 
ments. 
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The dose assoaation of rhetiraahc fever with 
hemolytic streptococcal mfeebons has led several 
investigators to test the applicability of sulfanila- 
mide to the treatment of this disease The re- 
sults (1, 2) have indicated that the drug is of 
no therapeutic value m acute rheumatisra In 
fact, unlike those diseases which merely fail to 
respond to sulfanilamide therapy rheumatic fever 
is defimtdy aggravated by the drug This is not 
surpnsmg if one considers the unusual sensitivity 
of patients with active rheumatism to strepto- 
coccal products 

Our observations over the past ten years 
have shown that rheumatic subjects who es 
caped hemolytic streptococcal mfections also cs 
caped rheumatic fever It therefore seemed 
possible that the development of rheumatic at- 
tacks might be avoided if streptococcal respira- 
tory infections could be prevented With this 
objective m mind, we have conducted studies m 
the prophylaxis of hemolytic streptococcal m- 
feebons dunng the past two years The data to 
be reported comprise experiments on guinea pigs 
and observabons on rheumabe subjects 

EXPEanrENTS on guinea pigs 

Streptococcal cervical lymphadenitis or 

lumps an epixoobc disease ongmally described 
by Smith (3) was selected as a dose parallel m 
the gumea pig to pharyngitis in the human sub- 
ject The prophylacbc effect of sulfanilamide 
was therefore tested on both spontaneous and in- 
duced infeebons of this character 

EXPERIMENTAL PROCEDURE 

L Spontaneous iufectioos were obtained in healthy 
guinea pig* wcjgbing about 250 grams dunng the winter 
months by placmg one infected animal in each of two 
groups of 15 normals. To equalize the vmdcQce of in 
The work reported m this comnnml cation was carried 
out under the W K. Kellogg FoundaUou Fund. 


fectiou to which the healthy pigs were exposed, the in 
fccted animals (kindly fumiahed by Dr C. V Scastone 
of the Rockefeller Institute, Pnneetoo) were alternated 
daily between the two groups, ooe of which received 
sulfanilamide, the other not. 

2. Induced mfectiops. In order to avoid the delay m 
volved m the spontaneous transmission of Infection 
through a colony a matter of many weda more severe 
iofections were induced by the rntrodueboa of 0.2 cc of 
an 18*honr culture of hemolytic streptococcus Group C, 
Seasttme s strain. Number L7628 mto the nares of each 
pig The second and third colonies were infected in this 
way 

3 Sulfanilamide was administered by hypodennoclysis 
In the course of 24 hours each anhnal received 0 15 
gram in the form of a I per cent solution of the drug 
in normal saline. Doses were administered every eight 
hours This amount of medication mamtamed a coocen 
trabon in hearts blood of SO to 100 gamma per cc. 

4 AU animals were examined dally for signs of lym 
phadenitis. 

5 BactenoIogicaJ studies were made on pigs which died 
and on those which were killed. The tissues cultured 
were lymph glands hearts blood, liver spleen, and lung 
Cultures were made in broth and on blood agar plates 
Incubated under both aerobic and anaerobic conditions 

6. Histological studies were made from fixed prepara 
boos of the mfected foa as well as from lymph glands, 
hmg hver spleen, and kidney 

The first colony of 30 animals exposed to in- 
feebon by contact with diseased guinea pigs was 
divided mto bvo groups (o) 15 treated with sul- 
fanilamide and (h) IS controls The penod of 
exposure was 7 weeks At the end of this bme 
all 15 of the untreated controls had developed 
cervical adeiubs and 13 yielded heraolybc strep- 
tococcus Group C At the same time, none of 
the treated pigs had palpable cervical glands 
At autopsy the cervical nodes of 6 animals were 
slightly larger than normaL Cultures of the en 
bre treated group were ncgabve for hemolytic 
sb^tococcus Although these expenments dif- 
fered considerably m detail from those of Sea 
stone (4) our observabons are in good agreement 
with his 
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The second colony of 24 pigs, infected by the 
introduction of 0 2 cc of culture m the nares, 
was dmded into two groups, (a) 12 treated with 
sulfanilamide before and after insufflation of 
culture, and (&) 12 untreated controls Within 
three weeks all controls developed marked en- 
largement of the cervical glands from each of 
which hemolytic streptococcus Group C ivas cul- 
tured The treated animals appeared to be nor- 
mal They were killed at this time and on au- 
topsy the cervical glands were found to be slightly 
enlarged m all pigs However, hemolytic strep- 
tococcus Group C was isolated from only 4 of the 
12 pigs 

The occurrence of slight cervical enlargement 
and the absence of organisms on culture or smear 
in 8 animals suggested that orgamsms might be 
present in the glands and be controlled by the 
bacteriostabc action of sulfanilamide The fol- 
lowing experiment mvestigated this possibility 
A third colony of 24 pigs were all treated with 
sulfanilamide before and after infection by the 
nasal route After 14 days chemotherapy was 
discontinued Half of the ammals were lolled 
(Group 1) Their cemcal glands were removed 
under stenle precautions, ground, and mjected 
into the abdomen of 12 normal pigs (Group 3) 
The remaining 12 pigs (Group 2) were kept 
without further medication 

One month later Groups 2 ^md 3 were sacn- 
ficed The animals in Group 3 were all found 
to be normal and all cultures were stenle Hemo- 
I 341 C streptococcus vas recovered from 4 out of 
12 pigs in Group 2 

In summar}", sulfanilamide appeared to give 
complete protection to a colony of guinea pigs 
against spontaneous lymphadenitis with Group C 
hemol}'tic streptococcus Sulfamlamide seemed 
to protect about two-thirds of the ammals which 
received a large dose of the same organisms in- 
tranasallj , and modified the disease m the remain- 
ing third 

CLINICAL STUDIES 

Study I 

Limited obsen’ations (5) had suggested that 
the madence of septic complications following 
streptococcal infections might be diminished by 
sulfamlamide therapj durmg the infections We 


therefore investigated the effect of sulfamlamide, 
administered during pharyngitis, on the incidence 
of rheumatic recrudescences 
The patients were selected from a group of 
rheumatic subjects who have been under our ob- 
servation for a number of years Each hemo- 
lytic streptococcal throat mfection that -was seen 
by us within 24 hours of the onset of symptoms 
ivas treated for 5 to 14 days with sulfamlamide 
Patients who contracted similar infections but 
did not report their symptoms until after 24 
hours were used as controls Careful observa- 
bons were made on a group of 40 children and 
young adults The results are summarized in 
Table I 

TABLE 1 


The effect of sulfamlamide administered during pharyngitis 
on the in^ence of rheumatic recrudescences in rheumatic 
subjects 


Treated with sulfanilamide 

Not treated with sulfanilamide 

Patient 

Severity of 


Severity of 

rheumatic 

attach 

Patient 

rheumatic 

attack 

Bar 

+ + 

Cal 

0 

Ben 

+++ 

Con 

0 

Bou 

+ 

Doy 

0 

Dig: 

0 

Dro 

+++ 

Ear 

-t- + -F+ 

Fay 

+ 

Kea 

0 

Fro 

0 

Kel 

+ 

Gra 

0 

Kon 

± 

Kie 

+++ 

Kor 

0 

Lyn 

Mai 

0 

Luo 

+ 

++++ 

Met 

-f" + 

A Ma 

0 

Men 

0 

T Ma 

4* + 

Noo 

0 

Nei 

+++ 

Phi 

+-l--h 

D OB 

"f 

F R> 

± 

Pag 

-1-4-++ 

Sav 

± 

San 

+++ 

Sch 

0 

Sol 

0 

Spe 

0 

1 Ste 

-1- 

Wal 

4- 

Wal 

+ 

Win 

-h 

Zel 

0 

Total number of cases 20 

Total number of cases 20 

Fulminating 

1 

Fulminating 

2 

Severe 

2 

Severe 

4 

Moderate 

2 

Moderate 

1 

Mild 

5 

Mild 

4 

Questionable 

3 

Questionable 

0 

Escapied 

7 

Escaped 

9 


From Table I it is seen that 13 treated cases * 
and 11 untreated cases developed rheumatic 

-The anUstreptolj sin responses of these patients were 
similar to those which occurred m untreated rheumatic 
subjects who developed attacks 
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roanifestationa The latter were possibly a little 
more severe. Sulfanilamide therapy begun after 
the onset of pharyngitis appeared to have no 
effect as a prophylactic agent m preventing rheu- 
matic recrudescences These findings are in 
accord with the observations of Massell (1) 

The efficacy of sulfanilamide in preventing 
guinea pigs from contracting spontaneous Group 
C infections suggested that it might also be of use 
m preventing the occurrence of Group A respira- 
tory mfections in human subjects To mvesu 
gate this possibility three additional clinical 
studies were earned out 

Study 2 

Procedure The patients were 29 rhccmatic girls be- 
tween the ages of 6 arid 14 who were conyalescmg at the 
Pelham Home, The majority were quiescent, a few had 
cndcnces of iroouldenng rheoraatism, Elxcept for 
monthly visits from rclitives their contacts were limited 
to the personnel of Pelham Home.* No new patients 
were admitted to the Home during the ejcpcriment, which 
ran from January 9 to June 17 19J7 

Each patient was given by mouth approximately 2 
grams of snffaniTarmd'e dai'fy divided into three doses 
distributed as evenly as possible throughout the 24 hours 
Medication was maintained for the whole period of ob- 
lervatioQ. Previous experience (5) had shown that drug 
symptoms occurred less freqtwntly In children than m 
adults and did not develop later than two weeks from 
the start of therapy 

Two threat cultures were obtained from each patient 
once a week. In addition, cultures were taken of all 
patients at the onset of any respiratory Infection. 

Blood aedltnenudon rales were detenmoed twice a 
month. Unnalysls and blood counts were done »cv 
eral times during the course of the expenment 

A careful clinical history was taken da3y and a physi 
cal examinaUoa made once a we^ 

Results No patients developed any drug 
mamfestations A few showed slight anorexia 
and failed to gam weight There was no evi- 
dence of blood destruction or renal irritation 

Hemolytic streptococcus was present in the 
throat flora of 6 patients at the tune medication 
was started Two of these were earners and 
contmued to harbor the organism throughout 
most of the penod The other 4 became negative 
withm a month after the drug was started. 
Hemolytic streptococcus appeared bnefly in the 

• The Pelham Home is a convalescent home canng for 
30 girls with rheumatic heart disease. The personnel 
comprises a teacher 3 nurses and 3 domestki. 


throat flora of one other patient at about the 
middle of the petiod of observation. 

The climcal r^ults may be described as fol 
lows (fl) Four patients who already had hemo- 
lytic streptococcus m the throat flora at the start 
showed brief rmld rheumatic recrudescences 
within a few days after starting sulfanilamide 
(b) Six patients expenenced vague symptoms 
It was impossible to know whether these were re- 
lated to rheumatic activity (e) Nmeteen pa- 
tients were entirely symptom-free throughout the 
penod 

The blood sedimentation rates reraamed nor- 
mal m all but 5 indiwduals Four of these nses 
were transient, occurring m the patients who de 
velopcd rheumatic symptoms on starting the drug 
The fifth occurred dunng a severe attack of 
bronchitis 

In summary during the course of the study 
there were no drug symptoms, no frank strepto- 
coccal infections and no attacks of acute rheu 
matism. Sulfanilamide did not prevent the oc- 
currence of a number of * common colds/ one 
pneumococcus infection, and one severe 
bronchitis of unknown etiology 

Study 3 

The findings in Study 2 agam suggested that 
sulfanilamide might be of prophylactic value in 
streptococcal respiratory infections The third 
study was planned to obtam cntical information 
on a group of riieumatic children known to be 
exposed to hemolytic streptococcal mfeebon In 
the foregoing study which was performed in a 
closed colony, thtre was no indication that the 
patients had contact with streptococcal infection 
other than their association with two known ear- 
ners of this organism. In the course of Study 3, 
4 new patients were admitted to The Pelham 
Home at different times One of these ^vas re- 
covering from pharyngitis, another from tonsil 
lectomy, and the other two bad acute rheumatism. 

Procedure The general procedure was the lame ii 
in Study 2, with certain exception*, u follow* 

(c) Six patient* from whom sulfanilamide wa* with 
held for variou* reaicau *erved as untreated control*. 

(b) The dosage level wa* raised gradually over the 
fir»t 2 week* to approximately 2 grams per patient* 
day 
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(c) The concentrahon of sulfanilamide in the blood 
v-as determined every two weeks Blood samples were 
collected at various times after medication to mclude 
diurnal fluctuations 


Results As m Study 2, no patient developed 
drug manifestations, but failure to gam weight 
was noted in a few instances 
The blood sulfanilamide concentration re- 
mained fairly constant after the maintenance 
dosage was established The average blood con- 
centration for all patients vaned between 29 and 
55 gammas per cc with a general average of 39 
gammas for the whole group The individual 
data are presented in Table II 


TABLE n 

The conunlralion of sulfantlamtde expressed as gammas per 
cc in the blood of rheumatic children kept on main- 
tenance medication at The Pelham Home from 
November 1937 to June 1938 
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Altogether 26 patients received sulfanilamide 
for considerable penods At the start of the 
study, hemclj-tic streptococcus was present m the 
throat flora of 2 patients One (Rio) ^vas a ear- 
ner who remained positive throughout The 
other (Kov) was recovering from pharj-ngitis 
and soon became negative. Of 25 other patients 
whose throat flora were negative at the start of 
the study and who received sulfanilamide, m only 
2 was It possible to find a positive culture of 
hemolytic streptococcus at any time. In one of 


these the organism appeared for 48 hours in 
moderately large numbers, coincident with res- 
piratory symptoms (Vol) In the other, 3 or 4 
colonies were isolated from each of 3 widely 
spaced cultures They were not accompanied by 
symptoms of any sort 

Of the 6 unmedicated patients, 4 had hemolytic 
streptococcus in the throat flora on one or more 
occasions These data are summanzed in Table 
III 

The clinical results showed that 25 out of the 
26 medicated patients remained free of rheumatic 
activity One patient developed changes which 
could be interpreted as active rheumatism This 
girl (Vol) had a respiratory infection and cervi- 
cal adenitis and maintained a high blood sedimen- 
tation rate over a period of several months in the 
absence of fever, tachycardia, rise in antistrep- 
tolysin titer, and rheumatic symptoms It seems 
wisest to classify this case as rheumatic activity, 
although it was not possible to make a definite 
diagnosis 

The absence of rheumatic activity in patients 
receivmg sulfanilamide is well illustrated by the 
sedimentation rates listed in Table IV 

In summary, these observations showed that 
quiescent rheumatic subjects can be maintained 
for many months at a high blood sulfanilamide 
level without demonstrable ill effects These pa- 
tients were visited by their families, were ex- 
posed to 2 patients with streptococcal infections 
who were introduced into The Pelham Home, 
and hved in close proximity with a earner of 
hemolytic streptococcus and with 6 non-medicated 
patients who had positive cultures or rheumatic 
activity or both at some time dunng the expen- 
ment Only one of the 26 medicated patients 
contracted an mfection with hemolytic strepto- 
coccus in the throat flora Twenty-five highly 
susceptible rheumatic children were maintained in 
good health throughout the winter and spnng 
months 

Study 4- 

Although the patients in Study 3 were living 
in dose contact with one another in a small in- 
stitution, nevertheless their general environment 
with respect to nutrition, housing, and rest faali- 
ties was much better than that m which the aver- 
age rheumatic child m New York City fives 
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TABLE IV 

The Hood sedtmeniahon rates {Westertren) of rheumatic 
svijedi kept on mahUenanec medication vnth xulfartC- 
am»ic at The Fetkam Home from October 193? 
through June 1938 
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These good conditions have not sufficed m past 
years to keep The Pelham Home free of strepto- 
coccal respiratory mfections and rheumatic ac 
tivity, however, thty might have had some bear- 
ing on the results reportetL A fourth study was 
therefore designed to test the possible protective 
action of sulfanilamide under conditions less 
favorable for the general well being of the 


subjects 

This group consisted of 30 highly susceptible 
rheumatic subjects from 8 to 14 years of age.^ 
All were known to have contracted frequent 
streptococcal respiratory infections dunng previ- 


« Most of them gave a strong familial rhemnatic his 
tory All had rheumatic heart disease with at least mi 
tral hivolvement Each bad had one or more frank at 
fev^ ^hosptal care. A few 

I "^dcscences*^ the 3 oj;^ yean 

study 
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ous years of observation They were mostly 
from families with many children, Imng in the 
overcrowded rooms necessitated by their poor 
economic status There was every reason to ex- 
pect that many, if not all the members of the 
group, would contract at least one hemol}iac 
streptococcal mfection durmg the winter and 
spnng months 

Procedure Most of these children were seen about 
5 times a week, and all were exammed by one of us 
twice a month Each child received between 2 and 3 
Brams of sulfanilamide daily m three doses, spaced as 
evenly as possible, from November 1, 1937 to July 1, 
1938 Qinical exammations, throat cultures, sedimen- 
tation rates, and blood sulfanilamide determinations were 
made twice a month In addition, throat cultures were 
obtamed from parents or siblmgs who reported respira- 
tory infecUons 

Results Twenty of the 30 patients who 
started the study continued medication through- 
out the entire course They will be referred to 
as Group A The other ten (Group B) took the 
medication for only a part of the whole period, 
and served as controls 

In Group A none of the patients developed 


drug mamfestabons In Group B, the appear- 
ance of drug symptoms m 3 patients made it 
necessary for them to discontinue sulfanilamide 
dunng the first week of the expenment 

The concentration of sulfanilamide in the blood 
was maintained at an average level of from 31 to 
62 gammas per cc , with a general average of 41 
gammas for the whole group, as shoivn in 
Table V 

Five members of Group B stopped medication 
dunng the early fall because of drug symptoms 
Three of these became infected with hemolytic 
streptococcus dunng the winter 

The other five remained under medication for 
4 to 7 months, dunng which time none showed a 
positive throat culture Of 4 who remained in 
New York City after stopping the drug, 3 con- 
tracted hemolytic streptococcal infection within 2 
months Altogether, 6 patients m Group B be- 
came infected after stopping sulfamlamide, and 
3 of these infections were followed by rheumatic 
recrudescences The occurrence of hemolytic 
streptococcus m the throat cultures of these 30 
children are presented in Table VT 


TABLE V 


The concenlraUon of sulfantlamtde expressed tn eatnmas per cc tn the blood of rhamaiu: children kept on maintenance 
medication tn New York CUy between November 1937 and June 1938 
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60 60 


53 


73 

2 0 


36 

30 30 

40 32 

25 40 

40 20 

45 20 

20 

31 


80 

2 3 

10 

12 

45 43 

35 40 
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It IS not possible to estimate how frequently 
these children uere exposed to infection in their 
normal home and school environment How- 
ever, It was determined that epidemics of strep- 
tococcal infection occurred in the families of 3 
patients m Group A and did not affect the 
children taking sulfamlamide 

Only one patient (Cro) had hemolytic strep- 
tococcus in the throat flora at the onset of the 
expenment One patient (Cur) who was ad- 
mitted to the group December 1, with cervical 
adenitis, and who was started on medication at 
once, yielded a positive culture of hemolytic 
streptococcus 3 days later We could not be sure 
whether mfection \vith this orgamsm preceded or 
followed the admimstration of the drug It was 
possible m 3 other patients to obtam a few 
colonies of hemolytic streptococcus from the 
throat flora on one or two occasions None of 
these organisms had the mucoid or matt colony 
appearance of virulent strains, nor did they give 
rise to respiratory infections Their cultures died 
in the course of 2 months' storage in blood broth 
before they could be classified in Lancefield’s 
groups 

In summary, this group of 20 patients appeared 
to escape streptococcal respiratory infection al- 
though a number of them had “common colds ” 
and one developed measles They also escaped 
chnical evidence of rheumatic fever Their free- 
dom from rheumatic activity can best be visual- 
ized from the record of their sedimentation rates, 
given in Table VII 

DISCUSSION 

The vanabihty of hemolytic streptococcus 
makes it impossible to predict what the inadence 
of mfection will be in any particular year Past 
observations at The Pelham Home over a penod 
of 10 years have shoira wide annual fluctuations 
m the prevalence of hemolytic streptococcus 
The inadence has been as low as 25 per cent and 
m one epidemic year as high as 75 per cent (6) 
Lik-ewise the pre^’a]ence of hemolytic strepto- 
coccal infections among our patients m New 
York Citj has I'aned a great deal The average 
yearly inadence of infections from 1928 to 1938 
was between 30 and 40 per cent A control 
group of 400 non-medicated rheumatic subjects 
m New York City durmg 1938 were foimd to 


TABLE vn 


The Mood sedtmenlaiton rates of rheumaitc children tn 
New York Ctly under maintenance medication with 
sulfanilamide 
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21 
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have an inadence of 35 per cent Group A hemo- 
lytic streptococcal throat mfections The treated 
cases were selected because they had contracted 
pharyngitis frequently and expenenced much 
rheumatic activity m the years preceding this 
study 

SUMMARY 

Sulfanilamide administered to gumea pigs be- 
fore or after the induction of streptococcal ab- 
scesses failed to sterilize the lesions 

Sulfanilamide used prophylactically prevented 
spontaneous infections and ather prevented or 
modified the development of induced hemolytic 
streptococcal cervical ademtis m the guinea pig 
Sulfanilamide administered to rheumatic sub- 
jects after the onset of streptococcal throat infec- 
tions did not prevent rheumatic recrudescences 
The possible prophylactic use of sulfanilamide 
was tested m 80 rheumatic children Seventy- 
mne escaped hemolytic streptococcal mfection and 
signs of rheumatic activity 

The authors are deeply indebted to Dr John S Sclater 
of Edinburgh and to H E. Stolanger for their assistance 
m conducting these studies 
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It IS becomiDg increasingly evident that there 
are certain dangers assoaated with obstetncal 
analgesia. Montgomery (1) investigated ma- 
ternal mortality in Philadelphia and concluded 
that pentobarbital sodium was a significant factor 
Gruber (2) emphasiies tlie dangers assoaated 
with anesthetic doses of the barbiturates, * e , de 
pression of the cardiorespiratory mechanism and 
diminution of tonus m smooth muscle (bladder, 
ureter and uterus) Acute pulmonary edema 
may result from toxic doses or even therapeutic 
doses m individuals with an idiosyncrasy Hen 
derson (3) considers all narcotics and hypnotics 
used to produce obstetncal analgesia respiratory 
dqiressants affecting the baby more than the 
mother The barbiturates are particularly dan 
gerous because of the diminution of sensitivity 
to the normal respiratory stimulus— carbon di- 
oxide. He beheves they can be administered 
safely only m doses large enough to rehcve anx- 
iety 

This study was imtiated as an attempt to deter- 
mine the effects of the barbiturates on the respira- 
tory mechamsra of the normal partunent woman. 
It includes the foUowmg bnes of invesbgation 
(1) lung volume (2) x ray mensuration of dia- 
phragm levels, (3) external measurements of the 
chest, and (4) intra-abdominal pressure 

LUNG VOLUME 

Lung volume is an indicator of the functional 
status of the cardiorespiratory mechanism Vital 
capaaty has been utilized as an index of lung 
volume and variable results have been obtained 
Alward (4) found a gradual reduction of vital 
capacity in the last month of pregnancy a sharp 
reduction following dehvery, and a gradual re- 
turn to normal limits by the tenth postpartum 
day Landt and Benjamin (S) found no signifi- 

1 This study was earned out under Grant 424 of the 
Cbminittec on Sdentific Research of the Amencan Medi 
cal Association. 


cant trend during the course of pregnancy al 
though there was a monthly variation of 100 to 
300 cc. from the mean. This was considered to 
be tvithm normal limits Thomson and Gshen 

(6) report a sbgbt but usually progressive m- 
crease before dehvery which could be correlated 
with a widening of the subcostal angle and ^va3 
thought to be a direct result of mechamcal al- 
terations of thoraac volume. Vital capaaty rep- 
resents only one portion of the total lung volume 
and docs not necessarily reflect similar changes 
in the other components (Figure 1) Qinstie 

(7) lias devised a technique whereby all of the 
components of lung volume can be determined 
A presentation of the foUowmg matenal will be 
simplified hy dcfimtions taken from Chnstie s 
paper 

Vital capacity is the volume of air that can be forced 
out of the lungs by maxi mum expiradoD following the 
fullest inspiration. 

Tidal air is the volranc of air expired by a breath of 
average fixe. 

Subttdol air is the volutoe of a!r remammg m the lungs 
after a nonnal expiration. 

Residml otr is the volume of air remaming In the 
lungs following maximum expiration. 

Compltmenlal oir is the amount of air Inspu^ from 
the height of a nonnal inspiration to maximum mBation. 

Reserve oir is the volume of air expired from a Dormal 
expiratiQQ to maximum deflation. 

Total capacity la the sum of vital capacity and residual 
air 

PEOCEDUEE 

Complete lung volume studies were made on seventeen 
patients who were delivered on the obstetncal service of 
the Albany Hospital The determination of the subtidal 
air using ChnsUe s techniciue, was made with the patient 
in a sopme position, the arms resting at the sides and the 
head supported by one pillow Care was taken to p re v ent 
heavy M clothing from resting upon the abdomen or 
chest Binders were unpmned. Vital capaaty studies 
were th m performed with the patient in the same care- 
fully controlled position. The complementary and sup- ^ 
plemcntary (reserve air) volumes were computed from 
the vital capacity Residual air was dctennlncd by fub- 
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Fig 1 Lung Volume and its Subdivisions 

Total lung volume and its subdivisions are expressed in liters Absolute values 
are taken from Hurtado et al (15) 


tracting the reserve air from the subhdal air Patients 
were examined under basal conditions insofar as possible. 
Determinations were made before delivery and at vary- 
ing stages of the puerpenum. The first three days after 
delivery were investigated more intensely than other 
stages of the postpartum penod because maximum 
changes occur soon after delivery Results were ex- 
pressed m terms of percentage of normal lung volume 
which was arbitrarily taken, because of Alward’s findings, 
as that found on the tenth postpartum day Duplicate 
anal>ses uere always obtamed. All volumes were cor- 
rected to 37° C saturated with water vapor 

Sixteen patients of the senes mvestigated were de- 
luered through the pelvis This group can be divided 
into the followng sub-groups (a) four patients were 
delnered wathout analgesia or anesthesia, (b) eight pa- 
tients w ere given one of the barbiturates and scopolamme 
dunng labor and ether anesthesia at dchvery, (c) two 
patients were gi\en one of the barbiturates and scopo- 
lanune dunng labor but no anesthesia at delivery, and 
(d) two patients had no analgesic drugs durmg labor 
but were gnen ether anesthesia at deliverj The barbi- 
turates administered dunng labor were seconal, sodium 
am>-tal, and pentobarbital sodium. Twelve grains of 
sodium amj-tal was the largest dosage used- There was 
a single patient deliiered b\ cesarean section. Atropine 
grams 1/150 was gi%en preoperahvely and gas-oxygen- 
cther was used as the anesthetic. 


RESULTS 

The total lung volume shows no significant 
change although the vital capacity tends to in- 
crease shghtly in the latter part of pregnancy 
The average value for all vital capaaty determina- 
tions made dunng the last month of pregnancy 
was seven per cent above normal in this senes 
(Figure 2) 

Patients dehvered without analgesia or anes- 
thesia showed either no sigmficant changes or an 
increase of the total lung volume and its com- 
ponents dunng the first week folloiving delivery 
Barbiturate and scopolamine analgesia dunng 
labor plus ether anesthesia at delivery results in 
an eight to ten per cent reduction of total volume, 
functional residual air (subtidal air) and vital 
capaaty as late as the fourth and fifth days of 
the puerpenum The reduction of vital capaaty 
IS actually fifteen to tiventy per cent below the 
antepartum level The reduction of lung volume 
IS even more stnking in the first twenty-four hours 
after delivery when depression is maximum 
Barbiturates alone decreased the total volume 
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and the subhdal air but the vital capaaty re- 
mained unaffected 

Ether anesthesia alone decreased the tobd vol 
ume, subtidal air, and vital capaaty but the re- 
duction was less than that brought about by a 
combumtion of analgesia and anesthesia. 


The patient dehvered by cesarean section 
showed a marked reduction of vital capaaty fol 
lowing dehvery with a proportionately smaller 
reduction of total volume These results indi 
cate the effects of postoperative pain and posture 
assoaated with laparotomy ' 
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Cesarean section reduced the \atal capaaty 
markedly On the other hand, the functional 
residual air (subtidal \olume) increased An in- 
crease of the residual air, which is one of the 
components of the subtidal volume, compensated 
for the reduction of vital capaaty The total 
lung volume tlierefore was not dimimshed as 
much as the vital capaaty (Table I) 


TABLE I 

The effect of cesarean section on lung volume and tts 
components 


Stage 

Total 

vol 

lime 

Sub- 

tidal 

vol 

ume 

Vital 
capac ' 
Ity 1 

1 

Com 

pie 

mental 

air 

1 

Tidal 

air 

Supple 

mental 

air 

Re- 

sidual 

afr 


cc 

cc 

cc ' 

u 1 

CC. 1 

cc 

cc 

Antepartum 

Postpartum 



3030 

2273 

543 

213 


7 hours 
Postpartum 

3426 

2537 

974 

444 

445 

85 

2452 

2740 

3 daj's 
Postpartum 

6 days 

4706 

2915 

1949 

1429 

372 

175 


4211 

2471 

1973 

1432 

308 

233 

2238 

'^ostpartum 






217 


12 days 
ostpartum 



2191 

1626 

347 

1745 


20 days 

4404 

2156 

2659 

1967 

281 

411 

' TTum 

7 iveeks 

SOIS 

2486 

2897 

2226 

303 

368 

2118 


External measurements of the chest 

Since the lungs are encased m a bony cage — 
tlie thorax — some light may be thrown on the 
physiology of respiration dunng pregnancy and 
the puerpenum by measurements of the size of 
the cliest (Figure 3) The external measure- 
ments have been expressed in terms of percentage 


of normal The ■v'alues for arcumferencc and 
diameter found on the tenth postpartum day 
were taken as normals Measurements were 
made at the level of the submammaty crease 

The anteropostenor diameter of the chest -was 
fifteen to twenty per cent above normal dunng 
the last two weeks of pregnancy The arcum- 
ference was increased approximately ten per cent 
We have seen that total lung volume remains es- 
sentially unchanged dunng pregnancy in spite of 
an apparent increase m the size of the thoracic 
cawty Flanng of the nbs may therefore be a 
mechamcal factor which compensates for a cepha- 
lic displacement of the diaphragm by the advanc- 
ing pregnancy 

X-ray mensuration of diaphragm levels 

Landt and Benjamin (5) have observed ele- 
vation of the diaphragm from the fourth month 
on By the middle of pregnancy the elevation 
averaged two centimeters above normal at the 
end of deep inspiration McGintiy (8) found 
higher diaphragm levels and a greater excursion 
antepartum than postpartum Lewis (9) has 
demonstrated expenmentally the importance of 
activity of the diaphragm in maintaining the nor- 
mal relationship betiveen intra-abdominal and in- 
trathoraac pressures 

Immediately following delivery a descent of 
the diaphragm occurs which is of great impor- 
tance as this increases mtra-abdommal pressure 
and restores a normal balance Case 1 delivered 
■without analgesia or anestliesia demonstrated a 



Fig 3 Exteexal MEAsuBEME^TS of the Chest 
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descent of the diaphragm measunng I 6 cm four 
hours after dehiery Case 4 similarly delivered 
showed a descent of 3 2 cm one hour after de- 
livery Descent of the diaphragm w'as retarded 
by the depression assoaated with analgesic drugs 
dunng labor and anesthesia at delivery 

Figure 4 illustrates the alterations m diaphragm 
levels dunng pregnancy and the puerpenum 
Roentgenograms were taken at the end of maxi- 
mum inflation and maximum deflation The first 
three cases were x-rayed at 84 inches ivith the 
patient ahrays in a sitting position The re- 
mainder were x-rayed in a supine position with 
the distance from target of the Coolidge tube to 
the plate kept constant at 30 inches Measure- 
ments were made from the first nb to the dome 
of the diaphragm and are expressed in centi- 
meters " E ” represents expiration and “ I ” in- 
spiration The cross-hatched area represents the 
excursion of the diaphragm 

Intra-abdomvial pressure 

Coombs (10) considers the intra-abdominal 
pressure lower dunng pregnancy than under nor- 
mal conditions m spite of an increase m the con- 
tents of the abdominal cavity Schatz (11) sug- 
gests that there is an adjustment of the abdominal 
muscles to compensate for distention of the pr^- 
nant uterus Emerson (12) concludes from ani- 
mal expenmentation that normally intra-abdom- 
inal pressure is above atmosphenc pressure and 
fluctuates with the respiratory excursion of the 
diaphragm and thorax There is a decrease of 
intra-abdominal pressure whenever the tone of 
the diaphragm and abdominal muscles is dimin- 
ished Following delivery we have observed a 
diminished respiratoiy excursion in spite of the 
fact that the diaphragm has less resistance to 
contract against Due to failure of the abdominal 
recoil expiration is only partially accomplished 

A bag measunng one and one-half inches in 
diameter by three inches m length was made of the 
same non-distensible matenal as is used in Voor- 
hees’ bags This was attached to a mercury man- 
ometer by means of a ngid rubber tube which 
would transmit pressure changes only in its long 
axis The bag was distended with water by 
means of a burette attached to the upnght arm 
of the manometer The sjstem was adjusted so 


that the mercury levels in the U-tube w'ere equal 
when the bag was at the level of the rectum 
The bag was then deflated, inserted into the large 
bowel and reinflated with an equal quantity of 
water Pressures were expressed m millimeters 
of mercury 

Intrarectal pressure readings were performed 
on five patients m an attempt to ascertain indi- 
rectly the changes in intra-abdominal pressure 
which follow delivery (Table II) There ivas 

TABLE 11 


Intrarectal pressure readings 




Intni 


Patient 

Stage 

rectal 

pressure 

RedoctJon 



mm Ht 

per ceni 

Mrs L 

Antepartum 

24 


1 

1 hour postpartum 

1 month postpartum' 

12 

36 

so 

Mrs DeM 

Antepartum 

22 



1 hour postpartum 

17 

77 

Mrs G 

Antepartum 

17 



1 hour postpartum 

7 

41 


10 days postpartum 

18 


Mrs F C 

Antepartum 

26 

77 


1 hour postpartum 

20 

Mrs M M 

Antepartum 

28 

61 


3 hours postpartum 

17 


roughly a fifty per cent reduction in intrarectal 
pressure immediately following delivery Weisker 
(13) considers the pressure in hollow viscera to 
be independent of mtra-abdominal pressure be- 
cause tvide vanations occur in the contents of 
the cavity and elastiaty of its \vall Neverthe- 
less, it seems reasonable that intra-abdommal pres- 
sure should decrease following delivery because 
of the sudden alteration in the size of the uterus 
after expulsion of the products of conception 
thereby decreasing the contents of the abdominal 
cavity 

DISCUSSION 

Vital capaaty is considered a fair index of 
cardiac and respiratory function In attempting 
to measure this component of the total lung vol- 
ume dunng pregnancy and the puerpenum it is 
necessary to take into consideration all extraneous 
factors which may have an effect such as fatigue, 
posture, sedation, etc. A patient who is given 
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no a n a lg esia or anesthesia should not be compared 
with patients depressed by such measures From 
experimental evidence it seems reasonable to as- 
sume that after the exclusion of the reduction 
that results from fatigue of a long labor, which 
may be neghgible, there is no significant change 
in the vital capaaty following pelvic dehvery pro- 
vided labor IS conducted without analgesia and 
dehvery is earned out without anesthesia If, 
on the other hand, barbiturates and scopolamine 
are administered dunng labor and ether is given 
at dehvery, there is a significant reduction of the 
vital capaaty below the antepartum level If we 
take mto account an abdominal operation such as 
cesarean section we observe a rather marked re- 
duction of vital capaaty but the decrease of total 
lung volume is proportionately much less 
There would seem to be a mechamsm which 
prevents a senous reduction of the functional 
residual air (suhtidal volume) fotlowmg delivery, 
whether pelvic or abdominal in type. A reduc- 
tion of intra abdominal pressure after delivery 
and a subsequent descent of the diaphragm are 
undoubtedly significant factors The diaphragm 
IS the most important muscle of respiration since 
it IS the direct expander of the lower lobes Its 
position and excursion are closely hnked with the 
relationship between mtra-abdominal and mtra 
thoraac pressures Pnimnetal and Kounti (14) 
record a moderate rise of the intrapleural pres- 
sure late m pregnancy owing to ascent of the 
diaphragm Following dehvery, the decrease of 
intra-abdommal pressure is compensated for hy 
descent of the diaphragm which results in a rise 
of pressure during inspiration. If diaphragmatic 
activity and descent are diminished by loss of 
tonus caused by excessive dosage of drugs dur 
mg labor, this mechanism is disturbed and the 
intra-abdominal pressure will approach the mtra 
pleural pressure Effiaent respiration depends 
upon the pressure m the pleural cavity being much 
more negative than that in the peritoneal cavity 
Without this pressure difference elevation of the 
diaphragm dunng expiration will be greatly lim- 
ited The retardation m descent of the dia- 
phragm m patients given barbiturates during labor 
permits deflation of the lungs accumulation of 
mucus and closure of bronchi Absorption of 
air from the occluded areas results m atelectasis 
Tonus of the diaphragm and thoraac muscles 


keeps the lungs and thorax expanded and pre- 
vents atelectasis 

CONCLOTlONS 

1 Lung volume determinations, using Chnstie s 
technique, were performed on a limited number 
of puerperal patients Determinations were made 
at varymg stages of pregnancy and the puer- 
penum 

2 The total lung volume shows no significant 
alterations as a result of pregnancy 

3 The vital capaaty normally mcreases slightly 
m the antepartum penod If labor is conducted 
without analgesia and delivery is performed with 
out anesthesia there is a moderate reduction in 
this component of the total lung volume following 
delivery which rapidly returns to normal. 

4 Respiratory depression resulting from large 
doses of analgesic drugs during labor or profound 
anesthesia at dehvery will alter the cardiorespira- 
tory mechanism so that the vital capaaty is mark- 
edly reduced m the postpartum penod and its 
return to normal is delayed 

5 Cesarean section is accompamed by a marked 
reduction of vital capaaty and a proportionately 
smaller reduction of total volume 

6 Alterations of thoraac volume from flarmg 
of the costal margins compensates for a cephahe 
dispbccment of the diaphragm by the advanang 
pregnancy The total lung volume is thereby 
maintamed at approximately its normal level 

7 An increased excursion of the diaphragm 
as pregnancy advances assists m maintaming nor- 
mal aeration of the lungs and compensates for 
any possible atelectasis of the lung bases as a 
result of compression by the encroachmg dia 
phregm. 

8 Descent of the diaphragm followmg dehvery 
results in a rise of mtra abdotranal pressure dur- 
mg inspiration thereby assisting the respiratory 
mechanrsm which otherwise would be embarrassed 
by the reduction of expiration owing to failure 
of the abdominal recoil Expenmental evidence 
suggests that diaphragmatic activity and descent 
are diminished by loss of tonus resulting from 
excessive dosage of drugs dunng labor 

9 Barbiturates are respiratory depressants and 
should not be used in doses that mil produce 
more than a sedative effect dunng labor 
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a previous paper (1) it was concluded that 
vitamin D has two fundamental and separate 
actions (o) to increase the absorption of calaum 
from the gastro intestinal tract, and (6) to in 
crease the phosphate excretion m the unne. In 
a later paper (2) evidence was brought forth 
which suggested that AT 10 (dihydrotachy- 
sterol) has both these properties but that the 
ratio of the calaum absorption factor to the phos- 
phate excretion factor is less with AT 10 than 
ivith vitamin D It was pointed out (2), fur- 
thermore, that the effect of other AT 10 or vita 
nun D on phosphate excretion may be masked m 
patients with their parathyroids mtact by a tend- 
ency m the opposite direction resulting from de- 
creased parathyroid activity occasioned by the 
mcreased calaum absorption. It was thought 
that the reason A T 10 w-as not antirachitic was 
because of this increased effect on phosphate ex 
cretion, a property obviously not antirachitic. 
Finally it was pomted out (2) that the parathy- 
roid hormone differed m action from both vita 
mm D and AT 10 m having only the effect on 
phosphate excretion m the unne without any ef- 
fect on calaum absorption 
It was deaded to test the above conclusions by 
studies on a patient ^nth chrome mfantile tickets 
The subject of the investigation was a boy of 17 
vnih vitamin D resistant rickets He was the 
same boy who was previously reported (3) on 
whom it was shown that the disordered metabo- 
hsm was essentially the same as in the usual 
form of nckets but to whom it was necessary to 
give massive doses of vitamin D before thera- 
peutic results were obtained. In the present in 
vestigabon the metabohe effects of A T 10 and 
parathyroid e x t r act were studied These data 
can be compared "with those from similar studies 
already reported with vitaram D on the same 
patients (3) Whereas these latter studies were 
conducted approximately 5 years before the un- 


derlying metabohe disorder was essentially the 
same during both studies To be sure, the bones 
were much less rachibc dunng the present mves- 
tigahon. On the other hand the blood values — 
serum calaum phosphorus and phosphatase — 
were almost identical at the beginning of both 
investigations 

METHODS 

Vitamin D therapy was discontinued 78 days 
before the present mvestigation was commenced 
The patient received a waghed low caldura, mod 
crately high phosphorus diet of similar composi 
bon throughout the 16 3-day metabohe penods 
Five grams of calaum lactate were added to the 
diet daily The patent was on this regime for 
4 days before collecbcms were started It should 
be noted that it is much better when one wants 
a constant high calaum diet to give a low calaum 
diet and add a pure calaum salt The inevitable 
sbght fluctuabon in the composibon of the food 
thus becomes ncghgible 

DISCUSSION OF RESULTS 

The data are shown m Table I and Figure 1 
Dunng the three control penods (I, IT III), the 
serum calaum was almost normal (9S and 9.3 
mgm, per 100 cc.), the serum phosphorus was 
very low (1 7 and IS mgm. per 100 cc.), there 
was a large amount of calaum and phosphorus 
in the feces the calaum metabolism was prac- 
bcalty in balance, and there was a negabve phos- 
phorus balance partly attnbutable to a loss in 
weight. 

Dunng Penods IV, V VT, and VH the pa 
bent received 25 mgm of AT 10 twnce daily 
The fecal calaum excrchon was markedly dc 
creased going from 1 60 grams m Penod III to 
0.20 gram in Penod VIII, the first penod after 
ecssabon of therapy The blood serum calaum 
rose to a high level of 13J mgm per 100 cc. on 


THRtE 0*Y PCraODS 

Fig 1 A Graphic Presentation of Data iv Table I Showing Effects of AT 10 akd of PAHATnyRoiD 
Extract on Disordered Calcium akd Phosphorus Metaeousm of Ikfaktile Rickets 
Di'TSion narks in colrarms representing unnarj excretions for Period 13 are to indicate amount of excretion 
on each of the three days 
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TAOLS I 


MetMic dtUa slowini effect of AT 10 and of parathyroid extract 
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* Roman oumemls todJcate to which day of penod data pertajn. 

t One of three unne tpedmen* lo#t dunng ttd» period Figures obtained by multiplring value* for other two day* 
by 3/2 Thifl probably not justified as \^ue* were undoubtedly changing rapidly from day to day 


the third day of Penod Vin The urinary cal 
aum excretion rose as much as and finally more 
than the fecal calaum excretion decreased so that 
the calaum balances instead of becoming positive 
eventually became negative 
The unnary phosphorus excretions are most 
instructive Period IV had best be disregarded 
as the urme for one day was lost acadent and 
the values recorded were obtained by multiplying 
the excretions dunng the remaming two days by 
3/2 It 13 quite clear that A T 10 (see Penods 
V to VIII) caused a defimte increase m the un- 
naiy phosphorus excretion. The increase was not 
tremendous las occurs when A.T 10 is given to 
an individual without paratliyroid tissue (2) 
This may be explained by the hypothesis that the 
phosphorus-excretion property of A.T 10 was 
masked by the decreased activity of the parathy 
roid glands secondary to the elevated scrum cal 
aum (v sitfra) On the other hand, phosphorus 
excretion m the unne was mcreased whereas with 
vitamin D it bad been decreased (Table II) 
This 18 m accordance with the hypothesis that 
at 10 has a relatively greater effect on phos- 
phorus excretion than vitamin D 

The fecal phosphorus excretion with A.T 10 
was decreased but not to the same extent as the 


fecal calaum excretion. The serum phosphorus 
values rose (1.9 mgm to 3 1 mgm per 100 cc.) 
presumably because of decreased parathyroid ac- 
tivity resulhng from increased calaum absorption 
This nse of the serum phosphorus docs not occur 
of course, when AT 10 is given to parathyroid 
less mdividuals (2) The phosphorus balances 
on the whole tended to become more negative. 
This fact becomes more defimte if one compares 
the balances with the two control penods at the 
end of the expernnent (Penods XV and XVI) 
as well as witli Penods I II and HI when there 
was a negative phosphorus balance probably at- 
tnbutable to a negative mtrogen balance (cf 
■weights m Table I) 

Dunng the remainder of the experiment, except 
for Penods XIII and XIV when there was a 
temporary disturbance resulting from the admin- 
istration of parathyroid extract in Penod XIII 
one can note the gradual return of the values to 
the pre A T 10 levels 

On each day of Penod XIH the patient received 
250 umts of parathyroid extract twice dafly 
This resulted immediately in an almost threefold 
increase m the unnary phosphorus excretion and 
a large negative phosphorus balance. The mod 
crate decreases in the fecal calaum and phos 
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Despite the numerous reports on the hormone 
content of human blood and unne, only a hazy 
concept of the actual and relatire content of 
gonadotropic substance m urme or blood exists 
As recently as June 10 1937 the consensus at 
the meetmg.of the Section on Obstetnes, Gyne- 
cology, and Abdominal Surgery at the Eighty- 
Eighth Annual Session of the Amencan Medical 
Assoaabon seemed to be that, although the hor 
mone assays were of saentific interest, they had 
little dmical value as yet. To quote two opimons 
concemmg hormone assays, Erml Novak said, 
"The papers we have heard today fllustrate the 
usual inadequacy of blood and unne hormone 
studies in pointing the way toward successful 
treatment " ( I ) , and Elmer Sevnnghaus said, 
“ These studies are still to be reserved for the 
highly experimental chnics because assay techracs 
are far from being umformly reliable.' (2) 

The three most important underlymg dilBculties 
^th the gonadotropic assays to date appear to 
be (I), lack of adequate assay methods (2), 
lack of reliable concentration methods and ( 3 ) 
lack of a thorough knowledge of the normal physi 
ology of gonadotropic hormones in the human 
being 

The assay methods have recently been improved 
by the introduction of reliable techmes using the 
mimature mouse (3) and the immature rat (4) 
The problem of unne concentration has also been 
simphfied recently by Levm and Tyndale (5) who 
introduced the taiuuc aad method, and by Heller 
and Heller (6) who have successfully applied 
Zondek’s alcohol ether concentration method 
This paper attempts to add information concern 
mg the third problem namely the excretion rate 

1 This researcb vraa supported by a Special Grant from 
the WUcomln Alumni Reiearch Foundation and a Re- 
search Fellowship provided by the Schcrlng Corporation, 
both administered by Dr E. L Sevrlnghans, and assisted 
in part by the Umveriity of Wisconsin WPA Natural 
Sdence Project 


of the gonadotropic hormone of women durmg 
and after the menopause. 

The specific questions we have tned to shed 
light on are 

(o) Is there any relationship between age and 
gonadotropic hormone titer ? 

(6) Is there a constant relationship between 
gonadotropic excretion of menopausal women 
who have symptoms and of those who do not ? 

(c) Is the gonadotropic content of urine re- 
duced after the menopause is passed? 

(d) Do surgical or radiation castrates differ 
from menopausal women in their gonadotropic 
excretion, is the amount of tune elapsed smee 
castration important? 

(e) What IS the unnary gonadotropic excre- 
tion of patients with involutional psychoses? 

(/) What IS the unnary gonadotropic excre- 
tion of patients who have been hysterectonuzed ? 

(p) What IS the unnary gonadotropic excre- 
tion of normally cycling women of menopausal 
age? 

(/i) How rapid and how great is the change 
from the cycling condition to the menopausal 
condition ? 

However, before these questions are answered 
it IS necessary to present more specific infornm 
non about the excrenon of gonadotropic hormones 
by normal menopausal women The following 
facts will be discussed, the extent of the normal 
dally vananon in excreUon how dduhon, con- 
centration and hme of voiding (that is, mght 
or day speomens) vary the assays and whether 
women sUll exhibit cycles of excretion after the 
dimactenc 

MATEKIALS AND METHOnS 

fa most insUoce*, the putient* were boipitalizcd cues 
In no Instance was there any obvious metabolic disturbance 
other than the menopause syndrome Urine collections 
were made on both a 12 hour (overnight) and a 24-bcwr 
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basis The unne ^vas placed m an ice chest immediately 
upon \oidmg, no preservatives ■were used. An aliquot 
sample of the total 12 or 24-hour specimen was pre- 
cipitated. The final eluted material was so divided as to 
represent a speafic fraction of the ongmal volume, this 
fraction is referred to as the “equivalent dose.” The 
concentration method has been previously described (6) 
The rats were slightly older than m previous reports 
(4, 6), 24-day-old rats being used because of their better 
tolerance for the concentrates Graded eqmvalents of 
the original unne were injected m 0 5 or 1 0 cc, doses 2 
times per day for 3 days, autopsies were performed on 
the fourth day Since from 1 to 10 rats were m- 
jected with different equivalent doses, a theoretically 
complete curve of response to dose was determmed for 
each speamen of each patient. From this curve the 
minimal volume of unne necessary to produce a minimal 
utenne stimulation was approximated. The ratio be- 
tween doses causmg minimal utenne weight changes and 
doses causmg minimal ovanan weight changes was 
roughly one to two In most cases, minimal stimulation 
was roughly calculated from the observed response to 
known eqmvalents This is illustrated by a typical case 
(Table I) where 6 rats were used on 4 different dose 
’ ' The conclusion m this case was that the mmimal 

la dose must he between 25 cc. and 12 5 cc. 
ents, smce the response was quite positive at 125 
I- and completely negabse at 12.5 cc. A working unit 
of 18 was therefore adopted. It is recogmzed that this 
IS a rough estimate, and that it could be improied by 
usmg more animals and more dose levels However, it 


TABLE I 

Hhislraiing the residls oj gonadotropic assays 
on a single unne specimen 

Name ST Date April Z2, 1938 24-Hour Collection 
Total Volume 1340 cc AlLiquots 500 cc. 

Methods of Precipitation Alcohol-ether 

Date of Precipitation April 24 

Date of Injection April 26 Age of Rats 24 days 


Dose* 

Amount 
Inject c<I 

Uterine 
weight 
+ fluid 

Uterine 

n-eight 

-fluid 

Ovarian 

weight 


u 

mvn 

mgm 

tnm 

100 

1 0 

225 

no 

so 

so 

OS 

213 

84 

57 

so 

05 

260 

101 

35 

25 

OS 

208 

105 

30 

25 

05 

190 

84 1 

36 

12 5 

05 


22 

11 2 


•Volume of urine from which matenal injected was 
derived 


has proved to be a serviceable estimate for making com- 
pansons 

The maximal daily variation m gonadotropic excre- 
tion was determined for several patients durmg long 
periods under the most vaned conditions Figure 1 
illustrates the results from a patient aged 71 >ears This 
case was chosen to illustrate daily variations because, 
first, it shows the most e.xtreme -variations ever seen m 
this laboratory and second, it -was observed the longest, 
a little over 3 months The following -variation in con- 
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Fia 1 Daily Vaeia-hon in Gonadotropic Hormone Output for a 71-Year-Old Postmenopausal Woman 
The mmimal volume of unne— cc. mdicates the least amount of unne that had to be concentrated m order to 
stinralate utenne development m the rat 
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dlboa* should be ooted (1) A complete 24-hour urine 
specimen was not always secured (2) Refrigeration was 
onutted occasionally (S) Length of tune between orfne 
collection and prcapltatlon varied from 1 day to 6 weeks 
— without any preservative, but with refrigeration (4) 
I^ength of time between preapltahon and preparation of 
sohrtlon varied from 1 day to 2 months (5) Length of 
time between preparation of solutions and injection 
varied from 1 to 10 days (d) Responses of Immatnre 
rats used are inherently variable to this natural varia 
tion can be added the factors of toxicity of tome speci- 
mens and not of others, snbeutaneous hematomas causing 
occasional leakage and finally the variation In laboratory 
sldll attending the concentrating of the unne. From 
Figure 1 it can be seen that the average response was at 
34^ cc. equivalents, the minimal response at 20 cc. 
equivalents, and the maximal response at 80 cc. equlva 
Icnts. In percentages the most extreme variatloo from 
the mean response over the 3*mouth period was 43 per 
cent m the case of the mimmal and 130 per cent in the 
case of the maximaL 

The low assays were more probably due to any or all 
of the above mentioned variations thin the high at 
says. The only condition that might cause a false high 
assay is an incomplete specunen that contains the highly 
concentrated night unne. Therefore, In a practical Inter 
pretation of an lodhnduai result, more faith may be put in 
the higher assays. 

In the above case no corrections were made for vans 
tiooi In volume (which were substantial) because of the 
known Inco mp leteness of the collections. When and If 
com^etenest of collection is secured, a correlation can be 
found between volume and response. In general, it was 
observed that the response per unit volume varied in 
venely with the volume itseU. 

A study of the day to-day vanations, which In all other 
cases were smaller than those m the case discussed above, 
indicates that not more than 3 samples collected on con 
secutive days arc needed to furnish a satisfactory esti- 
mate of gonadotropic hormone content of the unne from 
a given patient To date, no Indication of any cyclic va 
riations In excretory activity daring or after the meno- 
pause has been noted. Twelve-hour night specimens offer 
the advantage of originally supplying the gonadotropic 
borraone In a more concentrated fonn than the 24-hour 
sp ecim e n s. They were therefore adopted for routine col 
lections 

RESULTS AND DISCUSSION 
Unnes from 66 patients were concentrated and 
assayed as described The ages of the patients 
ranged from 24 to 77 years 

From Figure 2 it can be seen that, when classed 
according to titer, the patients fall into three 
general classes (i) Those whose unnes showed 
very low gonadotropic potency were all from pa 
bents exhibiting regular normal cycles (2) 
Those whose unnes ran the whole gamut of titers 


from the lowest to the highest were from women 
having irregular cycles (5) Those whose unnes 
were very high m potency \verc from women who 
have ceased cycling either spontaneously or arb- 
ffaally The mmunal volume of unne necessaiy 
to stimulate one rat was for each of the three 
groups 400 to 500 cc. 25 to 400 cc and 10 to 
30 cc,, respectively 

It was observed that women having regular 
normal menstrual cycles excrete varvmg araoimts 
of gonadotropic hormone dunng thar cycle 
However there is no day in the cycle when go- 
nadotropic hormone is regularly absent from the 
unne, as is so frequently claimed Usually there 
is a nse in bter between the 10th and 20th days 
Therefore assaying unne during the nud interval 
was avoided when compansons were being made 
between the potency of normal and menopausal 
women. 

The assays answer the questions onginally 
posed in the folloiving manner 

(a) Concerning the relationship of age to 
gonadotropic potency a bnef inspection of Table 
II shows that age is a factor only insofar as it 
influences the time of onset of the menopause. 
Women who have not yet reached the dimactcnc 
excrete little gonadotropic material, regardless of 
age. Women who have passed the climactenc 
have a high unnary gonadotropic output This 
pomt can be illustrated by nobang that Patient 
Sf Qass 6, a premature menopausal case, had a 
high concentration at age 25 years while an older 
non menopausal patient, Be Pass 1, was still low 
m potency at age 48 

(£») Symptoms did not influence gonadotropic 
potency" Symptoms when used m this report 
will refer to both the autonomic and psychic 
symptoms of the menopause as described by Sev- 
nnghaus (7) Patients -with symptoms who have 
ceased cyclmg, Class 6 have high titers Patients 
’Without symptoms who have ceased cjxling Qass 
5, have titers just as high The senes of 14 cas- 
trates (Qasscs 7 and 8) furtlier substantiates the 
lade of correlation betivecn symptoms and go- 
nadotropic excretion. All 14 were almost ex- 
actly alike m potency although 10 had •vasomotor 
symptoms and the other 4 had none. Those 
wumen who cycle regularly (CHasscas 1 and 2) 
and those cycling irregularly ( 3 * 
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TABLE II f 


Gonadotropic hormone tiler of toomen in the menopausal age period 


Class 

Cycling regularly 

Cj-dlng Irreguhriy 

1 

No symptoms 

2 

Having 

symptoms 


4 

Haring sjTnptoms 

Patient 

Ace ^ears 

Wlnlraal volume of oricinal onne cc 

Mu Wa 01 Ov Be Ca Gn 
43 44 33 47 48 4S 43 

400 400 500 400 400 >300 400 

Sw Er tBy 
52 45 44 
>1CX) 400 400 

Gi 

45 

30 

tTu La PoNeKr He BrfBn 
42 42 36 46 38 45 46 49 
400 60 25 50 50 100 25 SO 


Class 

Not cycling 

5 

No symptoms 

6 

Having symptoms 


Patient 

Age ^eoTS 

T^Iinimal volume of onginal urine cc 

tst tTh Sm Kn Fr Se Sh Me St Ma Jo 
58 59 77 48 51 57 67 73 66 71 52 
20 25 15 10 25 25 15 25 30 15 20 

Te tSa OL Ra Lt *Gu •Sd Sf 
27 47 58 49 42 57 56 25 
15 25 25 25 30 10 15 25 

Li tAn BI 
49 50 56 
15 10 25 


Class 

Castrate 

Hysterectombed 

7 

No symptoms 

8 

Having symptoms 

9 

Having symptoms 

Patient 

Le Ba fSIfKo 

tJe tZu tVI Gl tFh Lg Sr Bl fDa Sc 

Lh Ve Ho Gu Sd Ht 

Age icart 

52 47 47 24 

47 43 33 40 29 39 36 46 29 43 

46 36 43 57 56 48 

Minimal volume of onginal urine cc 

25 20 15 20 

IS 25 20 IS 10 25 20 25 30 40 

25 >200 40 10 IS 25 


Qau 


Patient 
Age ytars 

Minimal volume of original urine cc 


Involution 


10 


Je 

Lr 

At 

Fb 

An 

St 

Th 

Tu 

Vi 

Ve 

SI 

Ko 

Da 

Zu 

Bn 

By 

47 

48 

39 

29 

50 

58 

59 

42 

33 

36 

47 

24 

29 

43 

49 

44 

IS 

200 

275 

10 

10 

20 

25 

400 

25 

>200 

15 

20 

30 

25 

80 

400 


Estnn treated caaea 


Showing improvement of ayraptoras 


Patient 

Ls 

Kn 

Sr 

Lg 

Sa 

VI 

Bl 

El 

Sd 

Ac 

Fh 

Pa 

Fh 

U 

Bk 

Age years 

31 

48 

36 

39 

47 

33 

56 

42 

56 

49 

29 

52 

29 

49 

51 

^Minimal TOlome of original urine cc 

40 

10 

25 

25 

25 

SO 

40 

30 

20 

40 

20 

10 

20 

10 

30 


t Symptoms — Refers to the presence or absence of vasomotor phenomena at the time of titration 
• Also classed as Hysterectomy 
t Also classed as Intolution 

> indicates a negative reaction vnth the volume of unne used 


tend to further the same argument, that there is 
no correlation behveen presence or absence of 
SiTuptoms and gonadotropic bter Similcirly, 
there is no correlation between se%enty of sjnnp- 
toms and gonadotropic potencj For example, 
PaUent Ba, Class 7, who had no symptoms. Pa- 
tient Sr, Qass 8, t\ho had unusuallj severe sjanp- 
toms, and Patient Bl, Qass 8, who had mild symp- 
toms all had the same gonadotropic concentration 
(c) Man\ climaans still retain the belief that 
at the menopause there is a greater gonadotropic 


excretion than at any other time, although Oster- 
reicher (8), Saethre (9), and Jones and Mac- 
Gregor (10) have already pointed out that senile 
women have a high gonadotropic excretion 
Saethre (11) differs ivith Zondek (12), who re- 
ported negative findings in 85 per cent of post- 
menopausal women investigated Classes 5 and 7 
substantiate the observation that once the gonado- 
tropic concentration rises at the time of the cli- 
macteric, it remains at the same high level through- 
out the duration of life Neither the presence or 
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absence of symptoms at the time of the climactenc, 
nor the length of time elapsed smce the cliraactcnc 
seem to influence the gonadotropic excretion rate. 

(d) There is no essential difference between 
the gonadotropic potency of urines from apon 
taneous and artifiaal menopause patients (see 
Qasses 5 6 7, and 8 in Table II and Figure 2) 
The length of time elapsed since castration does 
not play an important role either, for example, 
Patient l.e who had been a castrate for 20 years 
and Patient Ba who had been castrated only 6 
months before, had the same potency (Class 7) 

(e) There was no uniformity m gonadotropic 
assay in unnes from patients diagnosed as having 
involutional psychoses But when these cases 
were reclassified accordmg to the rcgulanty, ir- 
regularity, or cessation of their menstrual cycles, 
thar titers fitted in with those of the groups with 
which they were classed (see Class 10 and those 
marked f in the other classes) 

(/) The hysterectomiaed patients ( Class 9) 
had nothing in common wth one another but 
seemed to titrate high or low accordmg to whether 
or not they fell into the true menopause class 
Smce there could be no evidence of eyebe activity 
any reclassification is only a guess. 

(g) The status of the menstrual cycle, i e reg- 
ular, irregular, or absent, is the onI> factor which 
influences the unnary gonadotropic potency dur- 
ing the menopausal penod. Classes 1 and 2, 
consisting of regularly cycling women with im- 
eventful menstrual histones contained umformly 
low titers From 400 to 500 cc of unne was nec- 
essary to stimulate one rat, Qasses 5 6, 7, and 
8, consisting of acyclic women of menopausal age 
or beyond, contain umformly high titers 10 to 
30 cc bemg needed to stimulate one rat 

Between these two extremes he Classes 3 and 
4 These women all ga\e a history of having had 
regular cycles until recently, now they have be- 
come irregular m one ivay or another, < r in time, 
duration of flow amount of flow, etc The most 
common changes observed were lengthening of 
the cycle, skipping penods, and scantier flow 
All but one were having mild or severe vasomotor 
symptoms However the majonty had had 
symptoms and irregulanties of the cycle for but 
a short time Thus these women may be consid 
ered to be just entenng the menopause, or in a 
transitional penod between normal cycles and the 


menopausal state As is to be expected, the go- 
nadotropic titers were in general neither as high 
as in the menopausal state or as low as m the 
normal state. However, titers equal to either of 
the other two classifications were encountered 

Thus, while there is a lack of correlation be 
tween gonadotropic titer and age, symptoms, hys 
tcrectoray and mvolution, there is a definite cor- 
relation between gonadotropic hormone titer and 
the presence or absence of the menstrual cycle lu 
women of menopausal age. 

(/») A striking observation about these assays 
IS the tremendous difference between unnes of 
normal and menopausal women A 20-foId m- 
crease m gonadotropic potency occurs at the time 
of the climactenc. This mcrease develops in a 
relatively short time, probably 2 to 10 years In 
order to definitely establish this mdividual cases 
should be followed through the menopausal penod. 

One of the practical applications of these find- 
ings IS that premature menopause can be differ 
entiated from the other amenorrheas Two cases 
of amenorrhea m young women, Sf m Class 6 
aged 25, and another patient aged 25 were re 
ccntly studied Patient Sf titrated high (25 cc.) 
and was classed as a premature menopause, while 
the other case proved to be completely negative m 
gonadotropic content at the 600 cc. level This 
response is less than occurs m the normal smce 
unne from normal women eliats positive re 
Eponses at the 400 to 500 cc. level These find- 
mgs confirm the clinical diagnoses of premature 
menopause and hypopituitary amenorrhea, re- 
spectively 

Another practical chmcal application, and per- 
haps the one of greatest importance, would be 
the use of the gonadotropic titer as a therapeutic 
index in treating menopausal symptoms with the 
estrogens. Albnght (13), Frank and Salmon 
(14) Jones, MacGregor, and Tod (15), and 
others have reported decreases of gonadotropic 
excretion which occurred concurrently with the 
clmical improvement of the menopausal sj^iptoms 
Jones MacGregor and Tod (15) found that ccr- 
tam refractory psychotic postmenopausal cases 
shoNved a reduction m gonadotropic potency, al 
though they did not respond to estrogen therapy 
dmically 

We IN ere therefore disappointed to find that 
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estrogen treatment’ did not materially reduce 
gonadotropic potency (Class 11) m the 15 cases 
which we have discussed. In each instance es- 
trogen therapy caused a defimte chmcal improve- 
ment The amounts and methods of admlmstra- 
tion varied with the individual patient Two 
preparations were used — ^Ammotm (Squibb) and 
Progynon DH (Schenng) Ammotm, 2000 I U 
given orally four times a day was the usual 
maximum dose. In two refractory cases mtra- 
muscular injection of 10 000 lU daily was re- 
sorted to Usually clmical rehef was achieved 
m less than one month Samples for assay were 
taken from one month to one year after therapy 
was instituted, and while it was continued 

The number of cases is small and the time of 
treatment is relatively short tVhen estrogemc 
therapy was continued for longer penods the 
gonadotropic potency ivas reduced to a 40 to SO 
cc. minimal in a few cases This is still far from 
the normal mimmal of 400 to 500 cc. 

The reports by earlier workers may be rahoo- 
alued if one considers that only positive or nega 
trve stimulation of the assay animals was observed 
An analysis of their data shows that their assays 
were probably made at the borderlme of minimal 
stimulation Therefore any slight change in po- 
tency might account for the negative findings re- 
ported in treated cases Since these workers do 
not mention the gonadotropic titer of normally 
cyclmg asymptomatic women, or of acvclic asymp- 
tomatic menopausal women in the same age groups 
as patients with symptoms undue sigmficancc 
possibly may have been attached to a very slight 
decrease in gonadotropic potency 

From our results, it would seem that gonado- 
tropic hormone is not the chief factor concerned 
with the symptoms of the menopause as Albnght 
(13) and others suggested it might be. In proof 
of this we have offered the evidence, (I) that 
the titer of symptomless women can not be dis- 
tmguished from those tiavmg symptoms (2) that 
estnn therapy at a point that adequately con 
trolled the symptoms did not reduce the gonado- 
tropic titer (although upon further treatment the 

*The estrogen treated patientj were made ATaltable 
for thu study through the khidly cooperation of 0r E. I* 
SeVTmghaus and Dr E, S Gordon of the Department of 
MedJdne and of Dr U J Musier of the Department of 
Neuropsychiatry 


potency is sometimes shghtly reduced) , (3), the 
ruiunal work recently reported by Lauson, Heller, 
and Sevnnghaus (16) It ivas shown that estro- 
gemc substitution, m doses which caused thjTnus 
atrophy, pituitary hypertrophy, and constant vagi- 
nal estrus did not matenally reduce the pituitary 
potency of castrated female rats Therefore, it is 
to be senously questioned that estrogens can re- 
turn the potency to normal without having the 
unfavorable or undesired side affects which occur 
in castrated rats 

Henderson and Rowlands (17) have recently 
assayed pituitanes obtamed at autopsy from 
women of vanons ages They found that the 
pituitaries from premenopausal mdmduals were 
low in gonadotropic potency, that an abrupt nse 
occurred at the time of the menopause, and that 
the high potency was maintained during semTity 
We have assaved the scrum from 10 of the cases 
reported here. Ten cc. were injected m 1 cc. 
doses twice daily for 5 days. All serum from 
women who had low unnary gonadotropic po- 
tencv was negative. Most of the scrum from 
women who had a high unnary potency gave a 
positive gonadotropic reaction So there appears 
to be a positive correlation between the gonado- 
tropic titers from the pitmtaiy gland, the blood 
serum, and the unne m the human female. 

SUM MARY 

Unnes from 66 menojiausal patients were as- 
sayed for their gonadotropic potency It was 
found that their potency was not related to the 
presence or absence of symptoms, age hysterec- 
tomy, or the involution. No difference m gonado- 
tropic potency was found between menopausal 
women with symptoms and semle women cas- 
trated women or menopausal women without 
symptoms 

Unnary gonadotropic concentration was low m 
women with regular normal menstrual cycles high 
m menojiausal women in whom cycles had coated, 
and intermediate in menopausal women with 
irregular cycles 

Estrogen treatment alleviated the vasomotor 
symptoms of 15 menopausal women but failed to 
concurrently reduce thar gonadotropic potency 
Cbntmued estrogen therajiy caused a shght reduc 
tion in jiotency but failed to suppress it bv sig 
nilicimt amounts. 
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The cyanosis seen m a high percentage o£ pa 
tients receiving sulfanilamide and related drugs 
has been attributed vanously to methemoglo- 
binemia (1, 2), sulfhemoglohmemia (1), an un- 
usual degree of unsaturahon of the venous blood 

(3) , and to the presence of amhne black (4) and 
other colored denvatives of sulfanilamide (5) 
in the red blood corpuscles Marshall and Walil 

(4) and Chesley (6) consider methemoglobm to 
be of no importance except perhaps m an occa 
sional patient. 

The present paper summames the results of 
determinations of methemoglobm in the blood of 
more than one hundred patients who were receiv 
mg sulfanilamide and showing cyanosis Methe 
moglobin was found at least in traces in over 90 
per cent of these. In thirty five cases the blood 
contained methemoglobm to the extent of IS per 
cent or more of the total pigment In one in- 
stance 40 per cent of the total blood pigment was 
m the form of methemoglobm 

Animal experiments are desenbed which con 
firm and extend the observations of Williams and 
Challis (7), Steele and Spmk (8), and Hauschild 
(9) that methylene blue hastens disappearance of 
methemoglobm from the blood. Qmical apphea 
bon of these expenmenls to pahents showrag 
cyanosis from sulfamlamide has shown that mtra 
venous injecbon of 0 1 to Oi cc. of one per cent 
methylene blue per kdogiara body weight reduces 


* A preliminary report of this work was given before 
the Middle Semion of the American Laiyngological 
Rhinological. and Otological Sodety St Louis, Jinnary 
26 1938, and the American Sodety of Biologicsl Cbem 
ists Baltimore, M a r ch 30 1938 (J BioL Chenr., 1938, 
123 cxxIt) and was contained in a letter to the Editor 
of the J A M. A 1937 109 1216. 

“This work was supported at both schools by grants 
from the Upjohn Company Kalamatoo Michlgari. The 
Upjohn Company has snpphed the writer with 10 cc 
ampoules of methylene bine which were used m the 
chmcal studies 


the coDcenlrabon of methemoglobm from levels 
as high as 25 to 40 per cent of the total pigment 
to leas than 4 per cent m 30 to 40 mmutes 

In one case of sulfhemoglobinemia methylene 
blue was without effect upon the abnormal 
pigment 

ANIMAL OBSEEVATIONS 

Smee, m our expenence, sulfamlamide does not 
produce methemoglobm in dogs, rabbits, rats, and 
mice, mtnte was used to produce experimental 
methemoglobinemia. Figure 1 illustrates the 
course of blood pigment changes m seven control 
dergs which received intravenous injecbons of 30 
ragm. of sodium mtnte per kilogram of body 
weight Following mjeebon of mtnte, methemo- 
globm* rapidly accumulates and after 60 to 100 
mmutes reaches a maximum concentrabon corre- 
spondmg to a loss of 60 to 70 per cent of the 
normal oxygen capacity It then progressively 
decreases due to reconversion to hemoglobm, and 
after 8 to 9 hours has entuely disappeared The 
average maximum rate of regenerabon of hemo- 
globm from methemoglobm (mdicated m Figure 
1 by a broken hue) m these seven anunals was 
0 03 volumes per cent per mmute. This is essen 
bally the same rate as observed when blood con- 
taming methemoglobin from these animals is m- 
cubated at body temperature in vitro and may be 
looked upon as the rate at which the enzyme 
systems m the erythrocytes are able to reduce 
methemoglobm (10) 

• Metbemoglobin coacentrabon U expressed in this 
paper in two ways, as per cent of the total pigment and 
as volumes per cent, one volume per cent of metbemo- 
globin being that concentration wUch results from loss 
of one volume per cent oxygen capacity 

In most experiments methemoglobin was determined 
by a spectroscopic method which wiU appear m a forth 
coming number of the J Lab. and Qin, Med. Occa 
ilonally methetnoglobin was determmed also by differ 
eeire between total pigment and oxygen capacity The 
two methods usually gave Identical results 
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Tic 1 Accumulation and Disappearance of Methemoclohim in the Blood of Docs Following 
THE Intravenous Injection of Sodium Nitrite (30 mom per Kilogram of Body Weight) 


Having determined the physiological rate of 
hemoglobin regeneration from methemoglobin 
vanous substances were tested for possible accel- 
erating action upon this process Sodium f onnal- 
dehjde sulfoxylate, which reduces methemoglobin 
in aqueous solution, was found to be without ef- 
fect i» vtvo Sodium formaldehyde sulfoxylate, 
however, reduces methylene blue and since re- 
duced (leuco) methylene blue converts methe- 
moglobin to hemoglobin very rapidly, it seemed 
possible that simultaneous injection of these two 
substances might accelerate conversion of methe- 
moglobin to hemoglobin A cj'cle between sul- 
foxvlate m the plasma and methemoglobin in the 
red cells mediated by methylene blue whs pictured 
When tested it whs found that simultaneous intra- 
venous injection of methylene blue and sulfoxy- 
late caused methemoglobin to disappear from the 
blood verv rapidly Control expenments, how- 
ev er, show cd that methylene blue alone whs equally 
effective Figure 2, which illustrates the results 


obtained with a number of dogs, shows that in- 
jection of 2 mgm of methylene blue (in the form 
of a one per cent aqueous solution) per kilogram 
of body weight increases the rate of disappearance 
of methemoglobin from the blood four or five- 
fold Table I summanzes the results of a senes 
of similar expenments m which the effect of van- 
ous quantities of methylene blue upon the rate of 
disappearance of methemoglobin from the blood 
was determined A measurable effect is evident 
even with the smallest amount of dye injected, 
namely, 0 1 mgm per kilogram of body weight 
Oxy'gen capacity figures m Table I indicate that 
the methemoglobin which disappears rapidly fol- 
lowing injection of methylene blue is conv'ertcd 
to functionally activ’e hemoglobin The duration 
of the anti-methemoglobin action of 5 mgm of 
methylene blue per kilogram in dogs is at most 
about 2 hours 

Methylene blue accelerates the disappearance of 
methemoglobin also from the blood of rabbits 
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Fia 2. Errecr or IirniAVEKoua iNjEcnow or Mcthy 
ixm Buji, 2 MGM rai RhjOgbam or Body Wnonr ow 
Rate op CoimaaiON or liETBniocLOiuf to HEUocLOBJif 

IN TBX DOO 

HbOi tDcaos oxygen capacity MB orer arrow lodi 
cates tojection of methylene bloe. 

CUNICAL APPUCAT70N 

In collaboration with Dr Alexis F Hartmann 
of Washington University Medical School, where 
the wnter began and completed an important part 
of this work, these observations received first 
chmeal application in the summer of 1937 Since 
these early observations many others have been 
made wth the cooperation of phymoans on the 
staff of the University of Tennessee Medical 
School In summary intravenous injection of 
0 1 to 0^ cc. per kilogram of body weight of a 
one per cent aqueous solution of methylene blue 
converts m the course of about 45 minutes all of 
the metheraoglobin in the arculating erythrocvtcs 
mto fimctionally active hemoglobin, even when 
the methemoglobm concentration represents initi 
ally as much as 25 to 40 per cent of the total pig 
ment The rate at which methemoglobm reap- 
pears following injection of the dye vanes with 
different individuals, but as a general rule the 
concentration of methemoglobm will have returned 
to its pre methylene blue levd not sooner than 12 
hours and not later than 24 hours after injection 
of 2 mgm of dye per kilogTam of body weight 


Methylene blue « effective as an anti methemo- 
globm agent also when given by mouth. As com- 
pared with intravenous mjection the response to 
administration by mouth is slow, and more of the 
dye IS required. Observations to date indicate that 
accumulation of methemoglobm can be prevented 
m adults by oral admmlstration of 0 5 to 1 0 gram 
of methylene blue per day even when the patient 
IS receiving large doses of sulfanilamide. 

Before methylene blue was injected mto pa- 
tients receiving sulfanilamide, compatibility of 
these two substances was tested m dogs and rab- 
bits Several times as much methylene blue was 
injected mto experimental animals as is required 
in humans Also the dve was mjected at a time 
when the animals were severely toxic from large 
doses of sulfamlamide (1 gram per kilogram per 
day) No mcrease in toxiaty was evident follow 
mg intravenous mjection of the dye In order 
to diat possible cumulative effects of administra- 
tion of the combination of drugs one dog was 
givtm 06 gram sulfanilamide per kilogram per 
day and 0,27 gram of methylene blue per day 
by mouth for 4 weeks No outward evidence of 
toxiaty or abnormal blood changes was observed 
Preliminary expenments with Dr Anna Dula 
ney of the University of Tennessee Medical 
School on mice mjected with highly virulei 
strains of beta hemolytic streptococa indicate th 


TABLE I 

^ffed pj various aynounts of melhyUne Uue on raU 
conversion of otdkemotlohn to hemoglobin -itt dogs 



• Detennioed at peak of mcthemoglobln formation 
t Figure* in parentbeae* denote interval between Injec 
ing methydene blue and deterrafnfng oxygen capaa^ 

I I^te wa* actually faster than thU, Method did n( 
permit accurate determination. 
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methylene blue does not interfere with the thera- 
peutic action of sulfanilamide m these ammals 

Sulfamlamidc incthcmoglobinemia 

The frequency of methemoglobinemia m pa- 
tients recemng sulfanilamide has not been deter- 
mined We have, however, examined for the 
presence of methemoglobin the blood of more than 
one hundred patients who were showing cyanosis 
from this drug In this group of patients where 
the blood W’as examined wnthin 30 minutes after 
being drawn and the sulfamlamide concentration 
w as greater than 4 mgm. per cent, methemoglobin 
was found at least in traces (more than 3 per 
cent of the total pigment) in every blood except 
two Table II summanzes data obtained on 
samples of blood containing more than IS per 
cent of methemoglobin and whose sulfamlamide 
concentration also was determined (11 ) Most of 
these samples of blood were from patients who 
were receiving 01 to 0 2 gram of sulfamlamide 
per kilogram of body weight per day in dinded 
doses at 4-hour mteri'als In each case the dose 
of sulfamlanude had been constant 24 hours prior 
to collection, in most, it had been constant 48 
hours Where several sets of data are given on 
one patient, they represent analyses of samples of 
blood taken on different days, sometimes at widely 
separated intervals and following change m dos- 
age. No correlation between concentration of 
sulfamlamide m the blood and intensity of methe- 
moglobinemia IS evident in these data. 

Endence that methemoglobin is the pnnapal 
abnormal pigment m the blood of patients showing 
cj'anosis from sulfamlamide wall be published in 
detail elsewhere but may be summanzed as fol- 
lows (o) ^^^^en a freshly drawm sample of blood 
from such a patient is laked wath 4 or 5 volumes 
of water in a tube of about one inch in diameter 
and IS examined wath a hand spectroscope before 
a 60 to 100 watt frosted light bulb, it usually 
shows an absorption band in the red region of 
the spectrum (at A = 630 m^i) In a given sample 
of blood the mtensitj of this band is approxi- 
mately the same as that calculated for methemo- 
globin from the difference betw een total pigment 
and oxygen capaaty, this difference being as- 
sumed to be owang to methemoglobin alone. Fol- 
lowang addition of a buffer solution of pH 6 5 
this band is intensified Addition of sodium 


table II 


Lach oj rclalwnship between concentration of sidfamlamide 
m the blood and the degree of methemoglobinemia 


Patient 

Blood 

tuUanllamide 

MethemoBlobln 

Total plpntnt 


mpn per ctnt 

Per cent of 
total picntent 

rolamri 
per cent 

L P 

4 

22 

78 


4 

16 

78 

H L 

34 

33 

14 6 


SO 

25 



27 

27 



20 

22 



17 

20 


E B 

8 

29 

13 4 

L M 

14 

17 

18 1 

W R.S 

14 

29 

IS 1 

M A. 

5 

21 

16 5 


6 

29 


B D 

20 

25 

64 

L McM 

7 

22 

119 


5 

17 

12 4 

E W 

26 

30 

14 4 


10 

30 



12 

23 


E J 

6 

22 

22 0 

5 

25 


T 

5 

23 

13 9 

Y 

20 

25 



9 

25 


H I 

5 

25 

no 

J T 

9 

33 


8 

33 


C B 

6 

20 


B T 

3 

13 



10 

30 



8 

33 



6 

25 


M L M 

5 

28 


G 0 

8 

27 

18 1 

R.L L 

14 

29 

14 0 

B S M 

3 

26 


0 B S 

7 

22 


B 

12 

27 

14 2 


7 

30 



cymiide or carbonate dissipates it entirely In an 
occasional sample of blood there is an absorption 
band in the red portion of the spectrum (some- 
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what nearer the yellow) which is unaffected by 
alkah or cyanide and which is caused by the pres- 
ence of sulfhemoglobm The following state- 
ments therefore, are intended to apply only to 
those cases in which sulfhemoglobm is absent 
(fc) The absorption band in the red region of the 
spectrum is greatly weakened or is entirely dis- 
sipated by injection of methylene blue. At the 
same time the color of the blood changes from 
reddish brown to a more normal red. Also fol- 
lowing injection of methylene blue the oicygen 
capaaty of the blood, increases and usually be 
comes equal to the total pigment concentrabon 
(determmed spectrophotometncally as cyanmethe 
moglobm) This important point is illustrated 
by the data m Table ni (c) Spcctrophotometnc 


TABLE ni 

inertau t« cuyjen capecUy of Hood of poUtM* foUawini 
tnfravenons injection of mtkyUnc blue 


] 

Patkat 

Blood 1 
lelfua*, 

ToUl 

0»Tm 
aofMdtr 1 

DUcr 
QM b*- 

tWMB 

toUtl 

ood 

Upodty 

Metbe- 

aoKtotfa 

(By 



•eep4e 

tabbed) 

E.L 

ptreai 

J3 

3t 

minm 

pa-tuU 

114 

116 

110 

lie 

ixr enl 
III 
114 

1 

Wrto 1 

ferttti 1 
11 
oa 

mtemm 

ycrccM 

IS 

08 

17 

0 

1 hAOr fclW 1] CB. 1 
percesl MB 

BefoTB MB 

00 sdnatei Mta 10 n. 

1 p«v cat MB 

LIL- 

U 

toe 

1 116 

M 

11 

B«roT«MB 

i UBbttsMttf tiefc 

1 par Mot MB 

w a.B. 

14 

111 

1 

: 10.4 
lie 

4.T 

1 4.4 

17 

BeforaMB 

4t nbatci Mtar S «s. 

1 par «cnt MB 

KA- 

0 

lie 

110 

118 

1 110 

1 

OS 

1 lA 

06 

BtfcFra MB 

40 vlaotai Mtar 10 ca. 

1 pcrccBt MB 

H.I. 

5 

1 

1 ILO 

1 ILO 

10 

1 IQZ 

10 

1 “ 

17 

OS 

Bafon MB 

74 after 10 aa. 

1 par «ait MB 

E.L.L 

1 14 

1 

1 lie 

1 U.7 

1 14 
lU 

11 

(U 

18 

Qi 

BeforaMB 

60 Dtovtca aAer 6 ca. 

1 pet eeni MB 


• CoDcentration previot» day 
t MB—methyiene bloc. 


measurement of the visible absorption spectrum 
indicates that oxyhemoglobm and methemoglobm 
are the only colored substances present in sig- 
nificant amounts m the blood of these patients 
Such observations lend no support to the sugges 
tion of Ottenberg and Fox (5) that the dark 
color of the blood from patients treated with sul- 
fanilamide is owing per se to adsorption by the 


erythrocytes of a colored denvative of sulfanila 
midc, formed by irradiation of dilute solutions 
of the latter It is interesting to note, however 
that the colored derivatives of sulfanilamide de- 
scribed by these workers convert hemoglobin to 
methemoglobm m vttro 

DISCUSSION 

In 1933, Wilhams and ChalUs (7) and Steele 
and Spink (8) reported that intravenous injec- 
tion of methylene blue into three patients showing 
severe poisoning and methemoglobinemia result- 
ing from anibne and anfline derivatives brought 
about rapid recovery of the patients Both 
groups of workers stated that the methemoglo- 
bmemia shown by their patients rapidly subsided 
following mjection of the dye. These observa- 
tions did not receive the attention they deserved 
probably because of the emphasis which was 
placed at that time upon the reverse transforma 
tion which accounts for the antidotal action of 
methylene blue in cyamdc poisoning (12) Also 
the spectroscopic data of Wilhams and Chglbs 
(7) were not altogether convmcing Neverthe 
less, their conclusions were correct, and it is 
necessary to explain how metl^Iene blue may 
either convert hemoglobin to methemoglobm and 
thus act as an antidote for (yamde or hasten the 
reverse transformation and act as an antidote for 
methemoglobm forming substances 

Methylene blue forms methemoglobm by cata- 
lytic oxidation (10) The dye reacts directl> 
with hemoglobin to form methemoglobm, and the 
reduced (Icuco) form of methylene blue formed 
by this reaction reacts with oi^gen to regenerate 
methylene blue. It is not equally dear how 
methylene blue accomplishes reduction of niethe 
moglobm to hemoglobin. Since each molecule of 
dye injected effects conversion of many molecules 
of methemoglobm to hemoglobin this reaction 
too, is catalytic Here however, the catalysis is 
one of reduction, and Icuco methylene blue would 
appear to be the effective reductant. Two possi 
ble sources of the Icuco methylene blue in the 
body are reduction of methylene blue m the er- 
ythrorytes by enzyme ^sterns present there and 
reduction of metlvylene blue in other tissues 
Prebmmary expenments suggest that the rate of 
formation of Icuco methylene blue in the erythro- 
cytes may not be suffiaentjy rapid to account for 
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all the methemoglobm reduced Thus it would 
appear that leuco methylene blue formed m the 
more actively metabolizing tissues and returned 
as such to the erythrocjtes may play a role m 
reduang methemoglobm to hemoglobin Expen- 
ments designed to test this possibiht> are m prog- 
ress 

Owing to the limited time dunng which methyl- 
ene blue has been used with sulfanilamide, its 
chmcal value as an adjunct to sulfanilamide ther- 
apy can not as yet be assessed It seems possible 
that the use of sulfamlamide might be less haz- 
ardous m many patients, espeaally those having 
respiratory and cardiac involvements, if the ac- 
cumulation of methemoglobm were prevented 
Also, the usefulness of sulfamlamide might be 
extended by giving larger doses, the methemoglo- 
binemia being controlled by methylene blue 

In conclusion it should be borne m mind that 
intravenous injection of methylene blue may not 
be entirely without ill effects Gregoire (13) has 
reported expenments on rats which suggest that 
patients kept in oxygen tents should be given 
methylene blue intravenously only with caution 
Nadler, Green, and Rosenbaum (14), on the basis 
of electrocardiographic studies, state that methyl- 
ene blue depresses the ventncular musculature 
and warn against its indiscriminate use Also, 
hemolytic anemia has been observed m dogs fol- 
lowang intravenous injection of this dye (15) 
These reports of toxic effects, however, w'ere as- 
soaated wuth much greater amounts of methylene 
blue (20 to 50 mgm per kilogram of body weight) 
than IS required to control sulfamlamide methemo- 
globinemia Nevertheless, even small amounts of 
the dj'e should be injected carefully and slowly 
Leakage of the dye around the vein may produce 
a painful infiltration, and too rapid injection may 
produce hives and a severe burning sensation of 
the lips 

SUMMARY 

The pnnapal abnormal pigment m the blood 
of patients showang cj’anosis from sulfamlamide 
appears to be methemoglobm 

Patients whose functionally active blood pig- 
ment IS decreased 15 to 30 per cent bj' formation 
and accumulation of methemoglobm are not un- 
common Higher concentrations of methemo- 
globin are occasional!} encountered 


The extent to whicli methemoglobm accumu- 
lates IS not proportional to the concentration of 
sulfanilamide m the blood 
Following intravenous injection of small 
amounts of methylene blue, methemoglobm rap- 
idly disappears from the blood and is replaced 
by an equivalent amount of hemoglobin 

Obsen'ations on animals which preceded the 
clinical ones are descnbed A possible mechanism 
by which methylene blue accomplishes conversion 
of methemoglobm to hemoglobin is outlined 

The valuable assistance of Charles Anderson, Jane 
Erganian, and Nanette Miller Wendel and the coopera- 
tion of Dr J B McEIroj, Dr Gilbert Levy, and the 
Staff of the Isolation Division of the John Gaston Hos- 
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Since this paper was accepted for publication the 
method used for mcthemoglobm determination has been 
described (J Lab and Qin. Med, 1938, 24 96) 

Also Hartmann Perley and Barnett (J Qm. Invest, 
1938, 17 699) have published results of their observations 
on methemoglobinemia resulting from snlfanHamlde, and 
the effect of methylene bloc upon this 
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In 1923 Gamble, Ross, and TisdaH (1) pre- 
sented data correlating the fixed base and water 
balance of two fasting epileptic children In 
these observations, the water balance was repre- 
sented as the diflference between total body weight 
loss and the sura of the protein and fat loss the 
latter calculated from the urinary nitrogen and 
ketones In 1929 Newburgh (2) and his cowork- 
ers described a method for the calculation of the 
water exchange of normal adults which depended 
on a knowledge of the total calonc expenditure 
and the composition of the metabolic mixture 
The limitations of this so-called metabolic method 
have been discussed m detail for adults by Lavi 
etes (3), Peters (4), and Newburgh et al (5) 
and for infants by Lenne ei al (6) In 1935 
Lavietes D Esopo and Hamson (7) proposed a 
method for estiroating water balance from base 
balance and changes in concentration of base in 
serum. This method was suggested by the earlier 
observations of Gamble and his coworkers (1) 
that water and base are lost from the body m ap- 
proximately the proportions m which they appear 
m body fluids In recent years the ‘ electrolyte ” 
method for measunng water exchange has been 
applied, particularly by Darrow Yannet, and Har- 
rison (8) and Hastings and his coworkers (9), 
to quantitative studies of the relative distnbution 
of mtracellular and extracellular water 

Both the metabohe” and the electrolyte” 
methods of measunng total water exchange are 
open to enbasm on theoretical grounds smee the 
former assumes that the respiratory exchange js 
a rehable index of the composition of the raeta- 
bohe mixture and the latter that certain electro- 
lytes are retamed solely as extracellular or intra- 

^ Respiratory Metabollfm in Infancy and Childhood 

xxn 

*AjiUtance m this work was ffiven by the Chfldrens 
Boreaa, U S. Department of Labor 


cellular components m uniform concentrations 
throughout the body Moreover, both methods 
arc subject to errors m apphcation in the presence 
of perceptible perspiration In the orgamc 
method perspiration may mterfere with predic- 
tion of the total calories from the msensible water 
loss, m the electrolyte method unmeasured skm 
excretion will give falsely high values for reten- 
tion of minerals 

This report presents concurrent measurements 
of the water, organic, and electrolyte balances of 
four premature infants which permit a critical 
comparison of the above methods for determining 
total water exchange. Premature mfants are 
particularly suited for such studies since inter 
ference by visible perspiration is reduced to a 
mimrnmn This tendency to minimal perspiration 
IS dependent on poorly developed sweat glands, 
relatively large surface area for loss of heat by 
radiation, scanty adipose tissue and feeble mus- 
cular movements 

METHODS 

Four healthy premature male infants were studied fn 
eight obserratiom of from 3 to 11 days for a total of 
48 day* The infanta ranged from 17 to 31 daya and 
from 1900 to 2600 grams at the onset of observations. 
They resided m a constant temperature and humidity 
room and were exposed m customary clothing to en 
vironmcntal temperatures of from 72 to 87 F and to 
relative humidities of from 40 to 80 per cent m the dif 
ferent observations. No difficulty was encountered in 
maintaining body temperature. 

Diet 

All food mixtures utre prepared by the nurse in 
charge and were fed to the mfants by trained assistants. 
The mfants took thdr feedings well their lips and the 
mside of nipples were wiped with sterile gauze which 
was immediately placed in weighed sealed jars to pro- 
vide a quantitative estimate of the portion of the formula 
not swallcnved. In these obiavations an average of S 
to 10 per cent of the initial formula adhered to the tides 
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of utensils, bottles, bottle caps, and nipples, or was re- 
gurgitated The amount actuall> ingested and retained 
was determmed in each observation 

The diets consisted of boiled human milk, evaporated 
or powdered cow's milk to which water, dextnmaltose, 
olive oil, casern or calaum paracasemate were added m 
varj-mg amounts m the different observations The 
calonc flmd and protem intake were adequate to permit 
satisfactory weight gains of 25 to 49 grams dailj Ade- 
quate concentrates of vitamins C and D were added to 
each infant’s diet 

Thoroughlj mixed samples of the powdered prepara- 
tions and pooled daily aliquot samples of the liquid cow’s 
and human milk were anal>sed for water, mtrogen, 
chlonde, potassium, sodium, calcium, and phosphorus, and 
where indicated for fat and carbohydrate. All analyses 
were made in tnplicate, the methods used are given at 
the end of the report 

Urme and feces 

Unne and feces were collected separately and analysed 
for water, mtrogen, chlonde, potassium, sodium, and 
phosphorus Fecal calaum and fat were determined, and 
for Infants L. 0 and E, M , urinary calaum as welL 

Changes in body weight and total insensible perspiration 

The infants were weighed daily with a balance having 
a capaatj of 10 kgm, and an accuracj of 005 gram 
(10) The vvaght of the total insensible perspiration 
was determined for each 24 hours by subtracting from 
the total waght of the intake the sum of the weights of 
unne and feces and the change m body weight The 
water lost through the skin and lungs was obtained by 
subtracting from the total insensible loss the portion due 
to COj — O,, calculated from the metabolic mixture (2) 
In two observations (7 and 8 on Infants L. O and H L., 
Table II) a filter paper (11) was applied for 60 seconds 
to the forehead and abdomen one to three times daily. 


and then exposed to silver mtmte and sunlight ns an 
index of chlonde excretion from the skin ’ 

Total calonc expcndtltirc and composition of metabolic 
mixture 

The total caloric expenditure was determined for In- 
fants L O and H L. by combining 24-hour minute to 
minute records of activit> with calonmeter observations 
of 2 to 5 hours made m a small respiratorj chamber 
attached to a Benedict umversal respiration table (12) 
The total calonc expenditure for Infants N 0 and 
E. M was predicted from the insensible perspiration on 
the assumption that approximatelj 25 per cent of the 
total heat production of premature infants (13) is lost 
by vaporization of water While the latter is admittcdl> 
not an ideal method of estimating total calorics, the 
diminished tendency of premature infants to perspire and 
their low activity permits a saDsfactory approximation, 
espeaally under constant environmental conditions Fur- 
thermore, because of their low total caloric expenditure 
(150 to 200 calones per 24 hours) an error of as much 
as 20 per cent in prediction would introduce a maximum 
deviation of only 4 to 5 grams in the daily water balance. 

The urinary mtrogen was used as a measure of protein 
catabolism and the dietary carbohydrate as a measure of 
carbohydrate combustion (2, 14) The calones derived 
from fat were obtained by subtracting the protem and 
carbohydrate calones from the total 

Methods of calculating water balance 

The methods used for calculating the water balance 
are presented in Table I According to the direct or- 

® This procedure has now been made routine in all 
mineral balance observations, and whenever the test 
proves positive the room temperature is lowered or 
clothing IS removed to prevent appreaable excretion of 
chloride through the skm 


TABLE I 


\\ ater intake 


1 Ingested as such 

2 In solid foods 

3 Oxidation 

ProteinXO 41 
Fat XI 07 
CHOXO 60 


Methods of estimating water balance 


Direct (2) 


"organic” methods 


minus Water output =• Water 

— — — — balance 

1 Unne 

2 Feces 

3 Skin and lungs 

HjO^I L — (COj— Oi) 
CO,-O5°(PX0 OS) 

-(FX0 08)-f-(CX0 4I) 


Indirect 


“Total bodjf weight change minus change 
in weight due to solids 

Protein “Intake minus unne, feces 

Fat “Intake minus feces, metabolized 
(CHO)<=> Intake minus metabolized 
(Minerals) “Intake minus urine, feces 
(slan) 


"electrolyte” METHODS 

Anion Cation (7) 


Chlonde rctoned 

Nitrogen re tained, grams^ grams “ Water _ retain^ _ , xlOOO 

54 balance 

grams 
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TABLE II 


DeiaUfd results in terms ej 24 hours 
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* Indadfts water of oxidation (2^ 

t Total calorie* were predicted from Inacxujble pervplnitlon tn Obaerrationa 12 3 and eadmated from obaervatlona 
m calonmeter of 2 to 5 hours combined with 24<bour minute to minute records of activity m remaining observadons 
1 Direct organic method (2) 

I P er sp iring profusely 
n Filter paper test (11) positive, 

1 Unnary calaum not determined 


game method (2) the water lnlai.e consata of water 
mgested plus water of the food plus water of oxidation 
the latter derived from knowledge of the metabolic 
mixture. The water output con&lsti of water excreted 
through the unne, feces, and tlcm and lunga, the latter 
derived from the total insensible weight loss and the 
metabolic mixture. Accotdhig to the indirect organic 
method, the water balance is calculated by subtracting 
from the total wdght change the weight of rctamed 
solids of which the organic solids, protein and fat, 
constitute the chief items. Although the indirect method 
the same fimdamental assumptions as the direct In 
denving the composition of the metabolic mixture, it 
involves the additional determination of dietary and 
fecal fat, and fecal nitrogen. The calculation is snnplcr 
than m the direct method. 

Two methods of constructing the water balance from 
electrolyte balance w ere used, one from the chloride and 
nitrogen balance (1 8d) and the other from the sodium 
and potassium balance (7) In the ankm method, the 
total water was partibotied into extracellular and intra 
cellular phases on the basis of chloride and nitrogen 
retention. It was here assumed that chloride was re 
tainH extraccUoIarly and nitrogen intracellulariy in uni 
form concentrations of 120 mm. (8d) and 54 grams* 
per liter of water respectively The use of nitrogen (1) 
as a measnre of intracellular water accretwo seemed 
particularly desirable because the uniformity ra mtrogen 
retention from period to period fitted with the concept 
that these rapidly growing premature mfanU were add 
ing protoplasm at a regular rate. In the cation method 
it was assumed that no changes m body concentration 


•‘TUs represents a recently determined coocentraboo 
of mtrogen m the intracellular water of human muscle 

( 15 ) 


of base took place from the beginning to the end of an 
observabtm a^ that the total water balance therefore 
equalled the sum of sodhim and potassium retained di 
vided by the coocentration of total base in intra and 
extracellular water namely 160 iran. per liter (16) No 
analyses of serum were made. 

RESULTS 

The detailed results of the observabons are 
presented in Table H, and a summary of the 
water balances m Table III dbmpanson of the 
results of dired and mdirect orgamc methods 
(C^Dlumns 1 and 2 Table HI) 8ho^vs that m six 


TABLE III 

Summary o} results voter balance calculated occordtni to 
both crganic and dedrolyte methods 
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of eight observations (Observ'ations 1, 2, 3, 4, 5, 
and 8) the i\-ater balances differ by 3 grams or 
less per 24 hours Companson of the results of 
the tuo electroljde methods (Columns 5 and 6) 
shows tliat mall but two of the observations (Ob- 
ser\'ations 6 and 8) the difference between the 
Mater balances is 4 grams or less per 24 hours 
This agreement of results wthm each pair of 
metliods serves as a check on the accuracy of the 
different analytical procedures used, although it 
is no measure of the vahdity of the assumptions 
underlying each pair of methods The same as- 
sumptions (17) concenung the reliability of the 
respiratory quotient as an index of intermediaiy 
metabolism are used for both organic methods, 
and assumptions concenung the umformity of 
concentration of electrolytes throughout A'anous 
body flmds are used m both electroljde methods 
To test the ^'aIld^ty of both sets of assumptions 
ive hai e in Table III, Columns 7 and 8, compared 
the average results of the orgamc methods with 
the average results of the electrolyte methods It 
seen that in 5 of the 8 observations (1, 2, 3, 
and 6) the difference between results was 2 
iis or less per 24 hours In the remaimng 
three observ'ations (5, 7, and 8) the -water balance 
as calculated from the electrolyte retention was 
from 13 to 32 grams too high Appreaable ex- 
cretion of chlorides through the skin was present 
in all three observations in which disagreement 
of results m as found, suggesting that falsely high 
retentions of electrolytes Mere credited to the in- 
fants because no measure of skm excretion had 
been made (18) 

To determine Mhether the agreement between 
results of the organic and electrolyte methods 
represented a i^id support of the tM o methods or 
merely a fortuitous comadence, we have in Table 
IV related the -water balance to the body weight 
change These infants were all recemng diets 
adequate to produce a satisfactory gam m M'eight 
Under these conditions the percentage of weight 
gain consistmg of M-ater might be reasonably ex- 
pected to approximate 60 to 80 per cent, since 
Mater compnses 70 per cent of infantile tissue 
by actual analysis It is seen that, according to 
the direct organic method in six of eight observa- 
tions, -water comprised 51 to 75 per cent of the 
weight gam and a\eraged 61 per cent for the 
whole group According to the indirect organic 


TABLE 11 


Relalion of voter balance to ve%zhl gain 





Amount of body 
weight aj water 



E 

» 

c 


Organic 

method 

Electrolyte 

method 

Remarks 

Subject 

1 

1 

o 

1 

Direct 

Indirect 

Anion 

Gallon 


N O 

1 

EToms 

htntrs 

25 

per 

cent 

68 

per 

cent 

64 

ter 

cent 

68 

1 

ter 

cent 

68 


N O 

2 

38 

74 

71 

74 

63 


E M 

3 

32 

75 

81 

75 

84 


L O 

4 

1 49 

63 

63 

1 67 

67 

1 

L O 

5 

45 

51 

58 

122 

129 

PeraplrloE protosely Room 

L O 

1 

6 

35 

1 

40 

60 

63 

46 

temperature 87' F 

L. O 

7 

40 

30 

55 

78 

70 

Filter paper teit positive 

H L 

8 

25 

52 

44 

124 

156 

Filter paper test positive 

Average (weighted) 

61 

63 

72* 

70* 



* Observations S and 8 omitted from these averages 


method, water compnsed 55 to 81 per cent of 
the weight gain in seven of eight observations 
and averaged 63 per cent for the whole group 
According to the anion method, water compnsed 
63 to 78 per cent of the weight gam m six ob- 
sen'ations, and according to the cation method 
63 to 84 per cent m five of eight observations In 
Observations 5 and 8, the water as predicted from 
both anions and cations represented 122 to 156 
per cent of the weight gam, impossible results 
which were undoubtedly due to the unmeasured 
excretion of electrolytes through the skm 

The evidence suggests that under normal condi- 
tions of M’eight gam, either method of assessing 
M'ater balance gives results consistent MUth tlie 
concept that infantile tissue is 70 per cent water, 
but that in the presence of perspiration the ex- 
cretion of electrolj’tes through the skin gives 
falsely high values for retention and therefore in- 
terferes with an accurate prediction of water 
balance. 

In Table V is presented a companson of the 
found and “ theoretical ” ® retention of sodium, 


B The “ theoretical ” sodium retention ^vas calculated 
from the chloride on the assumption that for cverj 120 
nAL of chloride retained 148 mjf of sodium (8d) were 
retamed, these bemg the approximate concentraUons per 
liter of extracellular water The “ theoretical " potas- 
sium was calculated from the nitrogen retention by as- 
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TABLE V 

Comparuort of found and thtoreHcoT ntontions (f sodtum 
potaoium and pkosphorui* 
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N 0 

1 

1.5 

1 4 

IJ 

1.3 

1 4 

IJ2 

N 0 

2 

22 

2.5 

17 

20 

2 1 

27 

E.M 

3 

30 

1 6 

1.3 

20 

2 1 

20 

L.0 

4 

1.8 

24 

3J 

27 

5J 

57 

L. 0 

6 

IJ 

9 

1.3 

2.5 

64 

7.5 

Average 

(wel^ted) 

2 1 

1 7 

1 7 

2 1 

32 

3.5 


* ObeervatioQS 5 7 and 8 omitted becao*e of perceptible 
penpiratloD 


K mM 3 1 N gram*. 

P mM — 0 6 Ca mM +2 N gram*. 

potassrara and phosphorus Although they do 
not coinade m individual observahoos the 
weighted averages show a fair agre em ent for the 
33 days of observation m which three infants 
gained a total of 1164 grams The found and 
“ theoretical ’ sodium retentions were 2 1 and 
17 mM , the found and ‘ theoretical potassium 
retentions were 17 and 2 1 mM , and the found 
and " theoretical ” phosphorus retentions were 32 
and 33 mM per 24 hours, respectively If al 
lowance be made for excess sodium (8d) present 
m bone m a concentration of 1 mM of sodium 
for every 30 niM of calaum (20), the agreement 
between found (2 1 mM ) and ' theoretical ” (1^ 
niM ) is closer 

The evidence suggests that over long pcnods 
of observation electrolytes are probably stored m 
the growing infant in concentrations approximat- 
ing those demonstrated by tissue analyses More 
exact defimtion of the range withm which they 
vary may depend on further analyses of human 
tissues and carefully controlled balance studies 


lumlng that for each gram of nitrogen retained, 3 1 raM 
of potaailom were retained this being the approximate 
K N ratio of haman and dog ramcle (8d, 16) The 
“ theoretical ” phoipboruj retention wa* calcnlated from 
the calcrara and nitrogen retention mmg a formnla de- 
nred from the P Ca ratio of bone (19) and the P N 
ratio of mtiscle (8d, 16) 


DISCUSSION 

The hvo chief methods used for determming 
the total water exchange of these thnvmg pre- 
mature mfants are based on entirely different 
pnnapJes 7n the oi^amc method, the water bal- 
ance is determmed m part on the basis of the 
relation of water exchange to the metabolism of 
organic substances, protem, fat, and carbohydrate, 
accepting the respiratory quotient and the urinary 
nitrogen as indices of the composition of the meta- 
bolic mixture m the second method water ex- 
change IS related to the metabolism of inorganic 
substances Because of the fundamental need^ 
for maintaimng proper relations in the body be- 
tween electrolytes and water (21), one might 
a pnon consider a method of measuring water 
balance based on electrolytes as more desirable 
than one based on assumptions concerning or- 
gamc metabolism in the use of which increas- 
ing caution is being advised (17) In practice, 
however, there is great difficulty in measuring 
electrolyte balance accurately, both because of 
the small absolute amounts normally retained 
and because unmeasured skin excretion results 
in crediting the subjects with false retentions of 
electrolytes and therefore of water Under such 
conditions, the use of the method based on calcu 
lation of the composition of the metabolic mix- 
ture gives a more accurate measure of the water 
balance, provided the total 24-hour caloric ex 
pcnditure has been reasonably approximated. 
The chief reason for this as the method applies 
to infants has already been pointed out (6b), 
namely, that water compnses by far the largest 
part of the intake unne, feces insensible weight 
loss, and of shifts m body weight so that by ac- 
curate weighing of the subjects his actual intake, 
and carefully collected samples of urine and feces, 
one directly amves at an approximation of the 
water intake partibon of outgo between unne, 
feces, and skm and )ung3 and the water balance 

It should be noted however that if speaal pre 
cautions arc taken to prevent appreaable excre- 
tion of electrolytes through the slan by lowenng 
room temperature sheddmg clothes or hmiting 
activity methods based on clectrolide exchange 
will gne data not only co n cerning total water 
exchange but also on its partition mto intracellular 
and extracellular compartments 
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The agreement beh\een the a\erage found 
and “ theoretic " balances of sodium, potassium, 
and phosphorus and the fact that the water bal- 
ance as predicted from electrolyte balances repre- 
sented approximately 70 per cent of the body 
M eight gam demonstrate that m the tissue accre- 
tion of premature infants, just as in the loss of 
tissue by older children ( 1 ) , electroljdes are added 
to the body m approximately the proportions nor- 
mally present m body flmds 

SUMMARY AND CONCLUSIONS 

Eight obsen'ations of water and electrolyte 
balance, totalling 48 days, were concurrently made 
on four premature male infants on diets adequate 
to produce weight gains of 25 to 49 grams daily 
The irater balance was calculated from both the 
metabolic mixture, i e , from an estimate of the 
protein, fat, and carbohydrate oxidized, and from 
the electrolyte exchange The close agreement 
betw'een the results of both methods in five of 
eight obsen'ations suggests that imder carefully 
controlled environmental and dietary conditions, 
either method of predicting the ivater balance of 
thnving premature infants is satisfactory In two 
of three observations in which perceptible per- 
spiration was present, the unmeasured excretion 
of electrolytes through the skm presumably re- 
sulted in crediting the subjects with a falsely high 
retention of electrolytes and water Under such 
conditions the organic method jnelded better esti- 
mates of ^vater balance 

The sirmlanty behveen the actual retentions of 
sodium, potassium, and phosphorus and “the- 
oretic” retentions calculated from the chlonde, 
nitrogen, and calcium and mtrogen retentions, 
respectively, mdicate that in normal groivth elec- 
trolytes are retained in approximately the rela- 
tions to each other that exist in body tissues 

APPENDIX 

Protocols 

1 Infant N O, white, aged 17 days, weight 
1912 grams at the onset of obsen'ation, was 
studied in two observations (Numbers 1 and 2) 
of SIX dajs each He gained an a\erage of 25 
and 38 grams daiK m these t\\o observations 
The room temperature was 77° F and the rela- 
tne humiditj 50 per cent in the two observations 

In Observation 1, he received human milk for 


three days and a diet of evaporated milk, water, 
dextnmaltose, and olive oil of similar organic and 
fluid content for the succeeding three days In 
Observation 2, he received a formula of human 
milk, casein, and dextnmaltose for three days, 
followed by a formula of evaporated milk, water, 
and dextnmaltose of similar organic and fluid 
content 

2 Infant E M , negro, aged 25 days, weight 
2083 grams at the onset of Observation 3, was 
studied for eleven consecutive day's He gamed 
an average of 32 grams per day during this ob- 
servation The room temperature was 77° F 
and the relative humidity 50 per cent dunng the 
observation 

Dunng the first three days he reemved a for- 
mula of human milk, dextnmaltose, and calaum 
paracaseinate (casec) , dunng the following eight 
day's, a diet of evaporated milk, dextnmaltose, 
and water of similar organic and fluid content 

S Infant L 0 , negro, aged 31 days, weight 
2365 grams at the onset of observation, was stud- 
ied in four observations under varying environ- 
mental conditions In all observations he re- 
ceived a diet of a powdered skim-milk-olive oil 
preparation (olac), ranforced with dextnmal- 
tose and water His daily weight gain in the 
four observations averaged 49, 45, 35, and 40 
grams respectively 

The first observation (Observation 4) con- 
sisted of three two-dav penods at a temperature 
of 77° F and 40 per cent relative humidity Be- 
tween the second and third penod of this observ'a- 
tion an interval of three days elapsed dunng which 
he was exposed to a temperature of 87° F , with 
a relative humidity of 40 per cent for two days 
and 80 per cent for the final dav These three 
days in which visible perspiration was present 
constitute Observation 5 

In Observation 6, the subject, now 51 days of 
age and weighing 3197 grams, was studied for 
two two-day penods at temperatures of 72 and 
68° F , respectively', with the relatii e humidity 
40 per cent 

In Observation 7, L O , now 65 days of age 
and w eighing 3795 grams, was studid for two days 
at a tempierature of 77° F and for three days at 
a temperature of 72° F wnth the relative humidity 
40 per cent throughout In both periods the elim- 
ination of water through the skin and lungs vas 
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considerably higher than m Observationa 4 and 6 
at similar temperatures and chlorides were ex- 
creted through the skin as indicated by the filter 
paper test 

4 Infant H L colored, aged 23 days and 
weighing 2564 grams at the onset of observabon, 
was studied m a single observation of seven days, 
at an environmental temperature of 72° F and 
relative humidity of 40 per cent A high insensi 
ble perspiration combined \vith a positive filter 
paper test, again indicated appreciable excretion 
of chlorides through the slam His diet consisted 
of the powdered sldm railk-ohve oil preparation 
and water in amounts adequate to permit an av- 
erage daily gam of 25 grams 

Chemical methods 

The folloivmg methods were employed m tnp- 
licate for analysis of the diet, unne, and feces 
The latter were dned by evaporation on a steam 
bath for 48 to 96 hours Aliquots of the dried 
stool were used for fat determination and the 
fat was extracted from the rcmaming dned feces 
With a mixture of petroleum and ethyl ether 
The rcmaimng analyses were made on the result 
ing fat-free dned residue. 

Water in mine and milk was determined by 
drying at 100° C for 48 hours, mtrogen by the 
Kjeldahl method fat by the Roesc Gottlieb 
method (22), and lactose m human and liquid 
cow s milk by a gravimctnc method (23) for the 
dned cow s nulk preparation, the carbohydrate 
content as submitted by the manufacturer was 
accepted. 

Chlondes were determined by a modified Vol 
hard titration method (24) phosphorus by the 
Tisdall method (25) and calaum by the Mc- 
Crudden method (26) Samples were ashed at 
500° C m a muffle furnace pnor to deterramation 
of sodium by the Butler TuthiU (27) modifica 
bon of the Barber Kolthoff method and potas 
Slum by the chloroplabnate method of Shohl and 
Bennett (28) 
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The clinical usefulness of the specific gravity 
test of kidney function and the variety of condi 
tions under which impairment of concentrating 
abdity is encountered, furmshed the incentive for 
this study This test is most commonly used as 
an mdication of the degree of renal damage in 
glomerulonephritis and artenolar nephrosclerosis 
m both of which there is a significant reduction 
m the number of nephrons A unne of low spe* 
cific gravity however, is also encountered in some 
cases of acute nephntis many acute infections 
chemical poisoning prostatic obstruction, pyelo- 
nephritis trauma to the kidney and severe anemia 
m which there is usually no significant reduction 
in the number of nephrons It seemed proper, 
therefore, to attempt to determme whether loss 
of concentrating power was due to a smgle mech- 
anism, or whether it might be brought about m 
more than one way 

The dimcal importance of Ion of concentrating power 
has been recognized aioce the papers of Bladcall (12) 
tn 1S20 and Bright (14) in 1827 and interest m the 
mcchaiusm producing It cridenced by the many explana 
dons that have been offered (73) Chnstison in 1839 
(21) was apparently the first to employ a concentratioo 
test He detemnned the speafic gravity of rooming 
nrine, gmng the average normal as 1 024 or Ij025 with 
a range from 1 016 to 1 030 while in patients with 
"granular lodneys” it fell below 1016. He cautions 
that the gravity should be corrected for any protciii 
present 

Chnstison (21) and Rayer (66) mterpreted the poly 
ona as a compensatory mechanism for the loss of ability 
to concentrate solutes, Bartels (9) accepted Traubes 
hypothesis that destruction of renal mass led to an cle- 


^ The results of some of these experiments were pre- 
sented before the Fifty First Annual Meeting of the Aa- 
socahon of Amcncan Phyilaans, May 6 1936 (Tr A 
Am. Physidans, 1936, 51 453) 

* The expenses of this investigation were defrayed in 
part by a grant from the Commonwealth Fund. 

• Dr Sbumway toede part m the earlier expenroents 
while semng as Assistant Resident Dr Dumke carried 
out most of the expenmenta on ureteral obstruction dur 
mg his fourth year in medical school Dr Miller joined 
m the later expenroents 


vated blood iircssure and cardiac enlargeroent, so that 
more blood was forced "through the unnary apparatus” 
and noted that when the heart failed, "the abnormally 
large amount of urine falls off and the abnormally low 
specific gravity rises.” Johnson (41) believed the poly- 
uria unrelated to the arterial tension, but caused by the 
diuretic infioence of some abnormal prodnets In the dr 
dilation. Newman (61) suggested that the polyuria of 
the contracted kidney was due to obstruction of the 
lymphaUcs, Thoma (82) thought it due to increased 
giomemlar p er mea b ility v Kotiqyi (91) and his as- 
sociates who investigated hyposthenuria extensively of- 
fered only the suggestion that with failing kidney func 
tion the capacity of the kidney to do the work entailed 
in the processes of concentrating fir dihiting solutes With- 
drawn from the blood pr ogre ss ively diromiihes, Schlaycr 
Hedingtr and Takayasu (74) beheved the polyuru of 
Bngbt s disease to be due to hypenmtabflrty of damaged 
renal vessels in response to a diuretic stimulus 

Muller (60) did not regard fayposthenuna as the neces 
sary result of reduction in kidney mass. He could not 
see why a small mass could not int out a unne of normal 
specific gravity He believed both the polyuria and hy 
posthenuria of mfectioos disease, urinary obstruction, 
glomernlcoiepfaritls and vascular disease to be due to the 
vicanons secretion of water by the tubules. 

Volhard (90) emphasized the wide variety of condi 
tions in which loss of concentrati n g power occurs. In 
those m which kidney mass Is reduced the remammg 
nephrons respond by a " compensatory " polyuria, as does 
the normal kidney to increased demand for elimination 
of waste. This polyuria exhausta the secretory apparatus 
(granules and vacuoles) in the tubule cells so that ex 
crction of a concentrated urme Is impossible. When 
there is no reduction in kidney mass be beheved the 
tubule secretoey apparatus is primarily damaged by the 
poison or by increased pressure in the peritubular capH 
laries. 

Mayri (SS) believed that wbfle the rapid passage of 
flmd down the r e ma mmg tubules may contribute to the 
polyuria of chronic neplmtis, the chief fault must be in 
the mabihty of the diseased tubule cells to overcome as 
great an osmotic pressure as m health 

Fremont Smith et al (27) suggested that a large vol 
umc of nrine is d eri ved from a small number of glo- 
meruli with all their capUlanes open a small volume of 
concentrated urine from a larger number of glomeruli 
with only a few capillaries open in each. This is con 
frarv tn VrtUrvs fRQi hvontbdlsr based on his cxnen 


1 
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Rehbergr (68) pictured the rnechanism bnngring on 
polj-una as follows '‘^Vhen the filtrate rate is consid- 
erably decreased, nitrogen retention in the blood begins 
The result is that the glomerular filtrate contains a much 
higher concentration of nitrogenous substances than usual, 
so that even wth normal tubules the concentration lunit- 
mg the reabsorption of water is reached at an earlier 
stage. Consequently, a larger amount of fluid is left 
which cannot be reabsorbed, a condition even more pro- 
nounced if the tubules are mjured also” Hj-posthenuria 
and isosthenuria would be explained m the same wa> 

Govaerts’s (32) only suggestion was that in terminal 
nephritis the number of glomeruli may be so reduced 
that the volume of glomerular filtrate cannot allow for 
anj variation m water output. 

Fishberg (25) emphasized “the unitary nature” of 
impairment of renal function, that " in almost all dis- 
eases which cause wridespread mjury to the kidney there 
IS loss of concentratmg ability, which applies to each and 
every urinary conshfuenL” He believed loss of concen- 
trating ability IS almost alwaj s associated with a diminu- 
tion m the number of functioning renal units and in- 
crease m the amount of filtrate per unit Akerren (3) 
offered the same explanation for the function of the 
Schrumpfmere. He beheved the histological changes 
seen in the tubule cells did not necessarily have anything 

do with the mcrease m unne volume or loss of con- 
oitrating power This hjpothesis (of Fishberg and of 
Akerren) will not account for hyposthenuna with a nor- 
mal number of nephrons 

Chasis and Smith (19) suggested, from studies of 
inulin/urea clearance ratio, that failure of the “ faculta- 
tive” reabsorption of water m the distal tubule leads to 
the climcal condibon of polyuria and hyposthenuria, while 
impairment of the “ obligatory ” reabsorption m the proxi- 
mal tubule, perhaps brought about by excessive excretion 
of base and chlonde, leads to isosthenuna 

It IS apparent from this renew that while some 
authors have been impressed by the vanety of 
clinical and pathological conditions accompanied 
by hj’posthenuna, most have attempted to explain 
it by a single mechanism in all cases, either tubular 
damage or the rapid passage of an abnormally 
large quantity of fluid dowm a small number of 
tubules 

In order to investigate whether a single mech- 
anism IS adequate to explain all cases it seemed 
appropnate to produce polyuna and hyposthenuna 
in dogs by vanous expenmental means and then 
to stud) Ae abilit} of these animals to excrete a 
concentrated unne under vanous arcumstances 
If anj conditions could be found which caused 
excretion of a unne of high speafic gravatj, it 
seemed reasonable to assume that m such cases 
the tubular cells were still normal (or else that 


the arcumstances of the expcnmcnt had led to 
their recover}) and that tlie mechanism of the 
h3’posthenuna did not he pnmanly in parenchv nial 
damage. 

METHODS 

The experimental methods used to produce hjposthen- 
una were reduction in kidnej mass, uranium poisoning, 
and ureteral obstnicUon In addiUon, some observations 
have been made on the effect of denervation, diet, anemia, 
vntamin B, defiaency, pregnancy, and constriction of the 
renal artenes on concentratmg ability 

All expenments were made on healthj female mongrel 
dogs of unknown age, w eighmg from S to 25 kgm Thc> 
were kept m well ventilated cages and fed a stock diet 
of Ralston's Purina Dog Chow All were observed at 
least four weeks before being used 

When hyposthenuna had been produced, attempts to 
obtain a concentrated unne fell into several groups 

1 Dtct Concentrating ability on low and high pro- 
tem diets were observed in normal dogs and after sub- 
total nephrectomy Jolliffe and Smith (42) showed that 
creatinme and urea clearances were reduced on a low 
protem diet, but did not study concentrating ability 
Their onginal cracker meal diet was used for low protem 
penods in some expenments, in others Pitts’ modifica- 
tion (64) was used. One pound of ground lean meat, 
alone or plus S grams NaCl daily, furnished the high 
protein diets One animal was given ^VhIpple and Rob 
scheit-Robbms’ (92) bread diet and salmon 

2. Hormones Pituitnn m doses of 40 to 80 interna- 
tional imits was given over a period of 2 to 8 hours after 
vvater had been withheld for 24 hours and the highest 
speafic gravity obtained on several catheter specimens 
dunng a 12-hour penod recorded. The effect of adrenal 
cortical extract (eschatm, 2 to 10 cc.) was studied in a 
like manner 

3 Increased concentration of salts in the glomerular 
filtrate Sodium sulphate, or a mixture of sodium sul- 
phate and bisodium phosphate, m doses of OS to 10 
gram per kgm was injected slowly, intravenously, at 
the end of a 24-hour concentration test and the maximum 
specific gravity obtained durmg the following 7 to 12 
hours recorded These salts were used since Alvuig and 
Van Sljke (5), and Addis and Foster (2) have called 
attention to the fact that sulphates and phosphates have 
a greater effect on unnary speafic gravity, for a given 
concentration, than any of the other salts or urea. 

4 Attempts to mcrease the plasma colloid osmotic 
pressure, and so reduce the effective filtration pressure m 
the glomerular capillaries The means used were in- 
travenous mjections of acacia, deh>dration bj aoton 
oil (or magnesium sulphate) and anca nut catharsis, 
injection of dog plasma concentrated by freezing and 
drying, or bj Thalhimer's (80) method of evaporation 
in cellophane tubing, or bj intravenous injections of 
sucrose. When sucrose was used, 35 to SO cc. of a SO 
per cent solution was given in the morning and the dog 
put m a metabolism cage. A second dose was usually 
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given in the afternoon. The next morning the animal 
was cathetenied, and this added to the cage tpechnen. 
These specnnens ah contained large amounts of aocrose, 
the specific gravity of course dependtag on the total vol 
tmie. The animal was cathetenzed again after 2 to 3 
hours This specimen usually had less than 1 per cent 
sucrose and the gravity given is corrected for sucrose. 
This was done because our interest is in the ability of 
the kidney to concentrate normal urinary constituents 
and we have no data on the ability of the diseased human 
kidney to concentrate sucrose under similar coodlboos for 
compansoa 

5 Decrfitaed rate of fUtraiion m order to aJiow more 
itmr for reebsor^ttm o» tkr tubufe Under sodHim pento- 
barbital anestbesUf suffiaent spinocaine was injected 
subdurally (after laramectomy) to lower blood pressure 
to 80 to 100 mm. Hg recorded from a cannula in carotid 
artery In one ammal (Dog 64) Dr Goldblatt pot a 
clamp around the aorta above the renal arteries and 
conarteted it suffiacntly to lower femoral pressure to 
about 80 mm. Hg. 

The ability of an animal to excrete a concentrated 
unne under control conditions and after injury was 
judged by a “concentration test” After trial of icreral 
techniques that adopted consisted of emptying the bladder 
by catheter, and then placmg the animal in a metabedism 
cage without food or water After 24 hours, the animal 
was catheterized agam, cage and catheter spechneos com 
blned, and the volume and specific gravity corrected for 
any protem present, recorded. This techmque naturally 
ralaes the question of the propriety of using the spedfic 
gravity of the whole 24*b^ ipeamen. In roost of the 
dintcal concentration tests the specific gravity of the 
urine passed during the latter part of a period of de- 
hydration is used as a measure of concentrating ability 
It might seem that it would hare been better to have 
followed a similar procedure with the dogs and recorded 
only the gravity of the urine passed during the latter 
part of a 24-hour period. The rclabre volumes of cage 
and catheter specimens vaned tremendousty frequently 
no cage specimen was obbiincd, the catheter specimen 
re p r es enting the entire 24-hour excretion. The gravity 
of urine passed during the latter part of a 24-bour period 
of water deprivation was not significantly higher than 
p^t fw j daring the earlier part with a sufficient fre- 
quency to Justify a more elaborate technique. In 50 
concentration tests the speafic gravity of cage and 
catheter specimens were determined separately in 31 the 
catheter specimen was of higher speafic gravity in 19 
lower In 30 or 60 per cent of the determiiauons the 
specific gravity of the catheter specimen was within 
0D05 of the cage specimen- The mean specific gravity 
of the catheter specunen exceeded that of the cage sped 
trifn by 0 0024 its standard deviation being 0 0071 

A single concentration test may at times fail to give 
a reliable estimate of an animal s ability to concentrate. 
That is, animals fed on the same diet and subjected to 
repeated concentration tests by the above techniqoe will 
occasionally ibow gr a viti es dlstmctly lower than the 
range on other tests. We have no satisfactory cxplana 



Fic. 1 DirmBtmoN op SpEcmc GaAvmM in 122 
Tests on 46 Ncwjal Female Docs 


tfon for this and the possible contribubng factors have 
not been investigated. Figure 1 shows the distribution 
of specific gravibes in 122 tests on 46 normal female 
d<^ On repeated tests all could excrete unne of 
bigber specific gravity than 1 030 41 or 89 per cent, 
better than 1 040 21 or 46 per cent, better than 1 050 
and 5 or JJ per cent, better than 1 060 For this reason 
It has been necessary to carry out several tests on any 
animal both before and after any experimental procedarc. 
While In general the unne volumes tended to be lower 
with higher speafic gravities the correlation was poor 
There was no relation between sue of animal and maxi 
mam specific gravity over the sue range used. With- 
holding water for 48 hours as a rule yielded a urine of 
somewhat higher gravity than that obtained after 24 
hours. The average Increase was 0 007 (Table I) 

When urine volumes were adequate, specific gravities 
were detenumed to the fourth place by a Westphal bal 
ance with a 10 cc. plmnroet at 20 C and compared to 
water at 4 as unity Where volumes were small, grari 
tics were determined by pyknoroeter at room temperature 
and c»rrected to 20 assuming a linear relation between 
the specific gravity of urine and water over this small 
range of temperature differences All gravities were 
corrected for protem, using I^ashmet and Newburgh s 
factor (47) Protefais were determined by Shevky and 
Stafford s method (76) after cafibratJon of the volume 
of precipitate per gram of protein by macro-Kjeldahl 
analyses The specific gnrity Bguna hare been rounded 
off to three places to save space. 

Creatinine and urea dearancts were detenrooed ax the 
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TABLE I 


Urine specific grants for first and second 24 hours of a 
4S hour concentration test tn normal animals and 
after subtotal nephrectomy 


Dog 

>»onna] 

Dog 

Subtotal nephrectomy 

rim 24 
hour* 

Second 24 
hours 

First 24 
hours 

Second 24 
hours 

33 

1 044 

1 055 

3 

1 028 

1 025 

36 

1 042 

1 052 

4 

1 020 

1 023 

37 

1 034 

1 037 

8 

1 016 

1 021 

38 

1 042 

1 045 

15 

1 029 

1 037 

39 

1 050 

1 064 

17 

1 010 

1 012 

40 

1 051 

1 044 

19 

1 025 

1 022 


1 044 

1 061 

41 

1 026 

1 034 




44 

1 023 

1 023 


rnajonty of animals, mulm on a few Creatinine was 
estimated bj Rehberg’s (67) method Two to three 
grams of creatimnc were given bj stomach tube one and 
one-half hours before the test Usually blood samples 
were taken at the beginnmg and end of each collection 
period, occasionally in the middle of each period. The 
length of collection penods varied from 10 mmutes to 
one hour, depending on the urme flow The bladder was 
emptied by catheter at the end of each period We have 
not obtained more complete emptying of the bladder by 
washing wnth saline or injection of air than by a prop- 
erly done cathetenzation. The adequacy of this method 
has been shown (i) by recovering only insigmficant 
amounts of the test substance in washuigs, and (2) by 
laparotomy after careful catheterization. Urea m urme 
W'as esUmated by Van Slyke's (85) gasometnc urease 
method, m blood fay the same method in the earlier ex- 
periments, m the later ones by the hjpobromife method 
(86) Inulm was administered mtravenously in doses of 
1 to 2 grams per kgm. and estimated in an iron filtrate 
(77) of plasma and unne by the Shaffcr-Somogyi (75) 
method, before and after aad hydrolysis (72) Blood 
samples were centrifuged immediately after being drawn. 

Blood pressure was determmed by Jensen and Apfcl- 
bach’s (39) direct method Glomeruh were counted by a 
modification of Kunkel’s (45) method, which permits a 
correction for unmjected glomeruli It is assumed, for 
the purpose of estimating the original equipment of an 
animal, that the number of glomeruli in each of the 
kidneys was approximately equal 

Subtotal iicphrcctouiy 

Polynina and hj'posthenuna hate been repeat- 
edlj produced experimentally b} reduction in kid- 
nev mass The literature is renew ed by (Thanutin 
and Ferns (17) Reduction in functioning mass 
has been accomplished by surgical remoral of 
renal tissue, ligation of branches of the renal ar- 
tenes, injection of non-absorbable particles into 
the renal artery, and exposure of the kidney to 


x-ray The results have not been entirely con- 
sistent, due to the sumval of tamng amounts of 
kidney tissue and presumably to the vTinous c.x- 
penmental methods used Some of the earlier 
investigations were more concerned w ith the rela- 
tion of the kidneys to metabolism and the exist- 
ence of an internal secretion of the kadney than 
they were with functional disturbances 

The first partial nephrectomy was done in 2889 by 
Tuffier (84) who removed one kidney and then part of 
the other m dogs He noted no change in the elimina- 
tion of unne or urea, and that 1 5 grams of kidney per 
kgm was compatible with life. De Paoli (22) in similar 
expenments on cats, dogs, and rabbits believed onc-half 
of one kidney the minimal amount for survival Brad- 
ford (13) found that removal of approximately two- 
thirds of the renal tissue was followed by a marked and 
persistent polyuria, and that the greater the amount of 
tissue removed, the greater was die polyuna There was 
an accompanying reduction m specific gravity from the 
normal of 1 030 to 1 050 to from 1 010 to 1 020 He 
states that the dogs were unable to concentrate their 
urme or to put out a high concentration of urea Passler 
and Hemecke (62) noted the polyuria, but did not record 
speafic gravities Polyuria was also noted by Janeway 
(38), Allen, Scharf, and Lundin (4), Lundin and Mark 
(50), Hartman (33), Apfelbach and Jensen (7), and 
CJianutm and Ferns (17) No change in urme volume 
was found by Bambndge and Beddard (8), Pilcher (63), 
Anderson (6), Mark (52), Mark and Geisendorfcr (53), 
and Cash (IS) A fixed low specific gravity, with in- 
ability to concentrate was recorded by Anderson, Mark, 
Lundm and Mark, Hartman, Apfelbach and Jensen, and 
ChanuUn and Ferns , no change in specific gravity by 
Bambndge and Beddard , Karsner, Bunker, and Grabfield 
(43) , and by Cash 

Artenal hypertension also was recorded by Passler 
and Hemecke, Janeway, Allen, Scharf, and Lundm, 
Mark and Geisendorfer , Lundm and Mark, Hartman, 
ChanuUn and Ferns, and Wood and Ethridge (93), 
only in the postoperaUve period by Cash and by Ferns 
and Hynes (24) No effect on blood pressure was found 
by Anderson, by Apfelbach and Jensen, and by Adams, 
Egloff, and O’Hare (1) The elevaUon of blood pres- 
sure in dogs, when present, was only slight or moderate, 
10 to 35 ram Hg, and not of the same order as that 
obtamed by Goldblatt ct al (30) by constnetmg the renal 
artencs Cash believed two factors necessary for the 
producUon of hypertension, reducUon of renal tissue to 
SO per cent of normal and the presence of necrotic renal 
tissue, a conclusion challenged by Chanutm and rems 
who found the hypertension to persist in rats after all 
necroUc tissue had been absorbed By hgaUon of both 
poles of one kidney and removal of the other m rats, 
ChanuUn and Ferns (17) produced a chronic renal in- 
sufficiency charactenzed by polyuna, low fixed specific 
gravity, albuminuria, nitrogen retention, hypertension, and 
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cardiac hypertrophy The polyuria »een early vrilhottt 
hypertension was thought to be due to increased glo- 
merular permeability When tnthologlcal changes in the 
renal rest had taken place, as indicated by alb uminor ia 
and elevation of the nonprotein nitrogen there was gen- 
erally a hypertension. This was assumed to be a com 
pensatory mechanism to mamtain an increased volume 
of unne, and the polyuria was believed dependent to a 
great extent on the Increased blood pressure. The patho- 
logical changes were presumably due to the protein in 
the diets (16) since it was more marked on high protem 
diets. Mark also produced a rapidly fatal Insnffiaency m 
subtotal nephrectomlied dogs by feeding meat Chanutm 
and Lodewig (18) believed the urea clearance a good 
mdlcator of the degree of renal damage while the con 
centratlon test showed only qualitative reduction In func 
tlon, since it might be low whh normal clearances whde 
reduced clearances were always accompanied by low 


sptttific gravity This conclusion Is at variance Vidth 
that of Ahring and Van Slyke m man (5) 

Since other factors such as necrotic tissue, fibro- 
sis, possible tubular damage, and mflanimation 
are present when functioning kidney mass is re 
duced by ligation of artenes radiation, or injec 
tion of foreign matenaJ, surgical removal was 
selected as the method best adapted to >ncld an un- 
complicated picture of the effects of reduction m 
kidney mass 

After a preliminary period of obsen'atioD, 
healthy female mongrel dogs were anesthetized 
with ether and approximately one third of the 
nght kidney was removed through a lumbar m- 
asion Two to six weeks later the left kidney 


table n 


Summary of data brfore and after operation on cnimnlx eubjeeted to subtotal nephredomy] 
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t Figure* in parenthe*e* Indicate the number of obcervmtlon* averaged. 
*AUer March 1 1938 
X Inunu deaimnca. 































































































































was removed Observatjons were begun about a 
week after the second operation In two animals 
(41, 44) concentration tests and clearances were 
determined between the first and second opera- 
tions The dogs were sacrificed after from 1 to 
28 months As is shown In Table 11, and Figure 
2, after operation the unne volume on concentra- 
tion tests was increased and the speafic gravity 
reduced The speafic gravity did not mcrease 
sigmficantly after depnvahon of water for 48 
hours (Table I) except m two animals (Numbers 
15 and 41) which had the greatest amount of 
remaming renal tissue This is in sharp contrast 
to the moderate nse in normal animals for the 
last half of a 48-hour test The creatinine and 
urea clearances were significantly reduced after 
operation In Dogs 41 and 44, the muhn and 
creatinine clearances remained equal as kidney 
mass was reduced None of the animals showed 
the marked nse in blood pressure which Gmldblatt 
obtains by constricting the renal arteries The 
nse in pressure vaned from about 10 to 15 mm 
Hg in three animals to approximately 50 m two 
others All of the animals showed some nitrogen 



Fig 2 Histogram of Urine Volumes on Concen- 
tration Tests in Normal Dogs and after Various 
Procedures 


TABLE III 

Effect of diets on kidney function tests m normal dogs and after subtotal nephrectomy 
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retenbon All were in good condition when sac- 
rificed except Dog 19 This animal remamed in 
excellent condibon from January, 1936, to August 
1937 After this time, she began to lose weight 
and developed a progressive decrease m concen 
tratmg ability and clearances and mcreasing nitro- 
gen retention, but no further elevation in blood 
pressure and no anemia. 

The ability to excrete a dilute unne was pre- 
served in the four animals m which it was tested 
(Dogs 3 10, 41, 44) as shown by gravities of 
less than 1 002 after administration of water by 
stomach tube. 

Table Til shows the effect of low and high 
protein diets on function tests m two normal am 
mals (Dogs 50 and 53) and in three after sub- 
total nephrectomy (Dogs 9, 15, and 19) In 
the normal animals the change m clearances is 
m the same direction, though less marked than 
those desenbed by Jolhffe and Smith. There is 
also a failure of the normal dog to excrete a 
concentrated unne on the cracker meal diet The 
partially nephrectomized dogs on the other hand 
show no consistent variation m clearances, and 
no vanabon in concentrabng ability In one am 
mal (Dog 9) there is a hml that addibon of salt 
to a tngh protem diet may have been followed by 
a decrease m blood urea mtrogen (28, 46) 

Table TV shows the effect of pituitrin, eschabn, 
mtravenous mjeebon of hypertomc sulphate, in 
crease m plasma colloid, and low blood pressure 
on urinary specific gravity After pituitnn there 
was a shght mcrease m speafic gravity m four of 
SIX animals above that of the maximum concentra 
bon test after operation. In no case did it rcadi 
the mean concentrabon test gravity before opera 
bon, and in only one instance did it exceed 0002 
In five of SIX normal dogs given large doses of 
pituitnn at the end of a concentration test, higher 
gravibes were obtamed than after any 24 hours 
without water but m only one animal did the 
difference exceed 0 009 In two of four of these 
dogs depnved of water for 48 hours higher gravi 
bes were obtamed than after pituitnn , m one the 
gravity was 0 003 and m the other 0011 lower 
than after pituitnn This agrees with the well 
known fact that m nonual dogs pituitnn dimin- 
ishes unne volume and with this mcrcases speafic 
gravity, but as a rule it does not go sigmficantly 
higher than after water dqinvahon alone With 


TABLE IV 

Effect of varunu procedures on nnnary specific grovily after 
subtotal nephrectomy, nrantum poisoning 
and ureteral obstmction 
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reduced kidney mass, pitmtnn does not lead to 
any increase in urinary speafic gravity above that 
obtained by water depn\xition. Yet in these 
unnes, the concentration of salts was not high, so 
that this cannot be the limiting factor that Motz- 
feldt (59) has shown it to be m the normal am- 
mals Apparently, lack of this hormone is not an 
important cause of this t 3 ^e of h)^osthenuna. 
Nor did adrenal cortical hormone, which has been 
shown to affect sodium reabsorption, have a de- 
tectable effect On speafic gravity in these dogs 

Intravenous mjection of large doses of sodium 
sulphate after 24 hours without water led to a 
urme exceedmg the maximum postoperative con- 
centration test by 001 or more in four of six 
expenments In one (Dog 3) the gravity was 
as high as the maximum preoperative test, and m 
two others (Dogs 4 and 8) was 0 006 and 0 004 
below the mean preoperative value These unnes 
were extremely high m sulphates, 75 to 85 per cent 
of the elevation of the speafic gravity above that 
of water being accounted for by the sulphate 
present 

More significant physiologically are the results 
of an increase in plasma colloids and of a low 
blood pressure. In four of seven experiments 
the unnary speafic gravity obtained with in- 
creased plasma colloid was as high or higher than 
the mean concentration test before operation In 


another, the gravity nas 0019 higher than the 
maximum after operation and only 0004 lower 
than the mean preoperative value In the remain- 
ing two, in which there was no significant increase 
in gravity, an attempt had been made to increase 
plasma colloids by intravenous injections of acacia 
solutions, and there w'as a reasonable doubt 
whether the doses given were large enough Sim- 
ilarly, the speafic gravity of the unne excreted 
at very low blood pressure, while small in volume, 
exceeded the maximum postoperative concentra- 
tion test by 0011 to 0 021 (average 0 016) and 
m two animals ivas as high as the mean preopera- 
tive concentration test gravity, while in the others 
it fell 1 to 4 points below this level 
The reduction in clearance is not directly pro- 
portional to the reduction in kidney mass, nor to 
the percentage of glomeruh remaming Figure 3 
shows the relation between the per cent of the 
ongmal glomerular equipment of the animal re- 
maimng after operation and the per cent reduction 
in creatimne and urea clearances below the con- 
trol level The clearances are reduced less rap- 
idly than the number of glomeruh, the difference 
being most marked with the smaller kidney frag- 
ments This might be due to opening up and 
the more continuous activity of an increasing 
percentage of the total number of remaining 
glomeruh, until with extreme reduction m the 
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total number all -which remained ^ve^c contmu 
ously open, or to an mcreased amount of filtrate 
per open glomerulus It is probable that both 
mechanisms are active. The former offers a rea- 
sonable explanation for the slight reduction m 
clearances when the number of glomeruh are re- 
duced to 50 per cent of the ongmal with no in 
crease in blood mtrogen When however, the 
kidney mass has been reduced to a pomt (about 
35 per cent of glomeruh m these animals) where 
blood urea mtrogen is mcreased it seems not un- 
reasonable to assume that the diuretic, -vasodilator 
effect of the urea would lead to the constant per- 
fusion of all the remaining glomeruh Yet with 
still further reduefaon in the number of glomeruli 
the difference bebveen the degree of glomerular 
reduction and decrease in clearances is greater 
When the glomeruh were reduced to about 35 per 
cent, the average creatinme clearance \vas 46 per 
cent of control level while when the glomeruh 
were reduced to 5 to 15 per cent (average 94 
per cent) the creatmme clearance was only re- 
duced to an average of 23 8 per cent This is 
similar to Vemey's structural and functional re- 
serve. The smaller reduction m urea than m 
creatmine clearance is consistent with this inter 
pretation smee with diuresis — increased volume 
flow down each tubule — there would be less back 
diffusion. The difference in creatmme and urea 
clearances is more difficult to explain on the basis 
of a simple perfusion of more glomeruh Rhoads 
Alving, Hiller and Van Slykc (69), and Levy 
and Blalock (48), found a relative mcrease m 
renal blood flow after unilateral nephrectomy, but 
this might be due either to perfusion of more 
glomeruh or to a greater blood flow per glomeru 
lus Medes and Hernck (56) found that the 
creatinme clearance paralleled the blood flow as 
measured by the Stromuhr If apphed to these 
animals, it would indicate a 25 to 85 per cent 
greater flow per glomerulus in the kidney remnant 
than m the kidn^ of the normal ammal if it is 
assumed that m the latter all the glomeruh were 
open The data do not support the hypothesis 
that the increase m systemic pressure Is an im 
portant factor m produemg the polyuna, for there 
13 no relation between the degree of blood pres 
sure elevation and the percentage mcrease m urmc 
volume on concentration test On the other hand, 
changes m glomerular capillary pressure resultmg 


from local -vascular adjustments wnthm the kidney 
perhaps influenced by increased concentrations of 
"vanous substances m the plasma may well be of 
extreme importance 

Hlitoloffkally the kidney fragmentj failed to ibow the 
tabular dilatation and flattening of epithelium described 
by Mark (52) or the degenerative Jesiom found by 
Andcraon (6) in rabbiU, Except in Dog 19 comparison 
of sections from the kidney rcnmint and the normal lad 
ncy did not show any striking difference. In the dogs 
allowed to sunrive several months there -was apparently 
some mcrease m the me of the glon^mh. None showed 
any glomcmlitis with hematoxylin and eosin stain. Since 
all of the kidneys had been injected the Heidenhain 
Mallory stains were unsatisfactory In some kidneys 
there was slight tubular degeneration but this -was erident 
m the mtact kidney as often as In the kidney remnant. 
Sections of the Iddney remnant from Dog 19 showed 
definite glomerular fibrosis and glomcnilltls. There -was 
also some widening of the tubules but no definite flatten 
ing of cpithehum. 

Summary Removal of sufficient renal mass 
thus leads to the excretion of an increased -volume 
of dilute unne. The animaJs show a low spe- 
afic gravity on concen t ration test, reduced urea 
and creatinine clearances, with vanable elevation 
in blood pressure and blood urea nitrogen The 
picture, as Volhard has cmphasiaed, dosely re- 
sembles that of nephrosderosis, and differs from 
that of chronic giomenilar nephritis chiefly m 
the absence of anemia and hematuna. Under 
certain conditions especially increase in concen- 
tration of plasma protons and reduction m blood 
pressure, which there is no reason to believe lead 
to improvement m the condition of the tubule 
cells, unne can be obtained which equab or ap- 
proaches m speafic gravity that of the intact am- 
mal The deduction seems logical that abnor 
maljlj of renal epithelium is not the primary cause 
of the hyposthenuna. 

Urammn poisomng 

The histological and functional changes pro- 
duced by uranium have been reviewed by Mac- 
Nider (51) 

There a on initial polyuria. \VIth large doses thfa b 
followed by a decrease In urine formation and finally 
anuna with small doses recovery gradually takes place. 
The essential and dominant lesfoa m the kidney is Injury 
to the epithchum of the tubules especially to the distal 
portion of the proximal convohrtiofis, according to St rniki 
(79) In anhmds which r e co v er the tubular epithelium 
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IS replaced by a flattened abnormal tj'pe. The unne is 
dilute and frequently contains sugar Some workers 
report increased excrebon of chloride and nitrogen, others 
a decrease, Phenolsulphonphthalein excretion is dimin- 
ished. There is a retention of mtrogen, creatinine, etc, 
m the blood. Various changes in the glomeruli and in 
the reaction of their arterioles have been described, but 
the perfusion experiments of Ghoreyeb (29) and the 
blood flow measurements of Tribe, Hopkins, and Bar- 


croft (83) indicate that there is no decrease in renal 
blood flow 

The dose of uranium acetate used in these ex- 
penments A^ed from 1 to 3 mgm per kgm 
With the larger doses, some of the animals died 
before all the desired observations could be made 
Table V and Figure 2 show the increase in unne 


TABLE V 

Summary of data on animals subjected to uranium poisoning and ureteral obstruction'^ 


Dog 1 

Weisht 

1 

Before injury ! 

1 

After injury 

Kldncj 
weight and 
glomerular 
count 

Concentration test 

Mean clearance 

Blood 

urea 

nitro- 

gen 

1 

Mean 
blood 1 
pres 
sure ' 

Concentration test ' 

Mean clearance 

Blood 

urea 

nitro-' 

gen 

Mean 

blood 

pres 

sure 

Volume 

Mean 

Range 

Specific 
gravity ! 
Mean 
Range 

InuUn 

Creati 

nine 

Urea 

Volume 

Mean 

Range 

Specific 1 
gravity 
Mean 
Range 

Inulin 

Creati ^ 
nine 

Urea 

Left 

Right 


kgm 



cc per 
mtnute 

cc per 
minute 

CC 

Per 

mtrt 

ute 

mgm 

per 

cent 

mm 

Bi 



u per 
minute 

cc per 
mtnute 

CC 

per 

mtn 

ute 

mgm 

per 

cent 

mm 

Bt 

1 thou 
sands 

grams 

thou 

sands 


URANIUM POISONING 


7 

lOA 

58 

45-70 

1048(2) 

1 04P-55 

■ 

43.8 

334 

n 

■ 

663 

500-980 

1017(3) 

1013-19 

■ 


14 

140 


304 

406 


13 

10 8 

97 

93-104 

1 044(3) 
1X144-44 


45.2 

25 9 

119 

124 

410 

101-800 

1 017(3) 
1013-19 

■ 

21 7 

B 

57 5 

no 

664 

344 

55 0 

14 

13J 

123 

86-160 

1 038(2) 
1031-45 

■ 

1 

35 4 1 

22 4 

15 0 

122 

558 

500-615 

I 015(3) 

1 013-17 

■ 

124 

36 

704 

122 

344 

322 

35 0 

28 

96 

87 

63-105 

1 042(4) 
1036-47 

38 9 

37 7 

204 

13 6 

130 

210 

160-260 

I 016(2) 

I 013-18 

3 05 

24 

2 1 

68 2 

140 

294 

259 

330 

266 

39 

7 0 

51 

17-91 

1 048(5) 

1 042-53 

38.2 

37 6 

24 1 

154 

125 

440 

1012 

20 6 

144 

11 0 

27 0 

no 

19 0 

19 1 

45 

80 

106 

92-120 

1 040(2) 
1^0-41 

44 4 

43^ 

18.2 

23 0 

135 

388 

360-415 

1 009 

B 

2.2 

1 7 

61 0 

140 

18 0 
369 

19 0 

46 

sa 

64 

62-65 

1 055(2) 

1 054-56 

45J 

454 

24 4 

21 4 

143 

1 148 

120-175 

1019(2) 

1 013-22 

B 

23 


96 6 

ISO 

234 

213 

278 

64 

12 7 

149 

142-156 

1 036(2) 
1030-41 

48 9 

51 2 

■ 

■ 



I 013(2) 
lOll-lS 

54 

44 

■ 

■ 

130 




URETERAL CLAMP 


22 

1 

12 4 

1 

1 75 

69-81 

1 033(2) 
1032-33 

B 

574 

32 1 

94 

j 

142 

150 

one lost 

1 019(2) 
1015-23 


3X1 

1 7 

130 0 

145 

48 

46 

26 

74 

90 

60-120 

1 052(2) 

1 050-54 

B 

41 9 

183 

134 


192 

104-285 , 

L023(2) 

1022-23 


D 

74 

31 6 

150 

45 

63 

34 

7X) 

1 50 

1 32-78 

1 051(5) 

1 041-67 

B 

364 

24 1 

114 

133 

134 

106-168 

I 023(4) 

1 022-26 


22 7 

16 7 

20 6 

135 

40 

238 

424 

152 

35 

B 

42 

35-48 

1 047(2) 
1X146-48 

■ 

30 9 

17 4 

124 

157 

100 

48-126 

1 015(3) 

1 014-17 


184 

83 

34 0 

135 

43 

350 

44 

365 

38 

n 

65 

52-86 

1 041(4) 
1035-47 

B 

21.2 

103 

194 


150 

1015 


m 

19 

934 




28 

10 0 

57 

50-62 

1X152(3) 

1 047-56 

1 

314 

14.2 

134 

135 

38 

35-44 

1X126(2) 

I 024-28 

1 032(3) 

1 031-33 

1 042(3) 

1 1XU6-47 

1 

047 

24 4* 

37 6* 

0 78 

13 7 

164 

1 

39 9 

143 

162 

130 

130 

294 

259 

33 0 
266 

39 

5 4 

46 

22-67 

1 

1X144(3) 

IXMl-SO 


43 7 

283 

14 4 


218 

210-225 

91 

1X)1S(2) 

1010-19 

1X142 


16 1 
443* 

15 6 
19 1 

284 
25 1 

125 

19 1 

19 0 


t Figures in parentheses mdicate the number of obseiv'ations averaged 
• After removal of damp 
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volume and decrease m speafic gravity on concen- 
tration tests, and the reduction m clearances after 
poisoning There was no nse m blood pressure 
in any of these animals Table IV shows the 
general failure of the methods yielding a more 
concentrated unne after subtotal nephrectomy to 
do so after uranium poisomng No means have 
been found which will enable even the moderately 
poisoned kidney to put out a urme of high gravity 
Some of the animals shown in Table IV have 
been omitted from Table V to save apace, since 
clearances were not done after poisoning 

The histological erxdcDce of damage to tubular cpl 
thebum permit* the assumption that the polyuna and 
low specific gravity are due to impairment of water 
reabsorption, though whether this is chiefly m proximal 
or distal tubule is not indicated The mechamsm of the 
low clearances, howerer requires farther scrutiny Di 
numshed clearance might be due to back dtfftuion of the 
test substance through the damaged tubular epitbelnim, 
to diminished renal blood flow or to decrease in the 
permeability of the glomerular epithelium. The lack of 
histological evidence of glomerular thrombi the marked 
increaK ra tirme volume, and the increase m albummuna 
make the last explanation tmliktly The expenmenu of 
Chorsytb and and oi Dmm 

Dtble, Jones and McSwmy (23) in oxalate poUccung m 
dicate that there is no decrease m renal blood flow How 
ever to confirm this point blood flow was measured by 
Barcrofts method m two animals after poisoning These 
showed flows within the nor m al range for this method, 
but did not penmt measurements In the same annual be- 
fore and after poisoctmg In two other antmali blood 
flow was measured by the method of Van Slyke, Rhoads 
HlUcr and Alvmg (88) usmg a modification of their 
technique (31) of explanting the kidney so as to be 
that the samples of renal vein blood were not 
contaminated by arterial blood or unne. Creatminc and 
hralin were used aa test substances. Samples of blood 
were drawn from femoral artery and renal vein before 
the begmnmg of urine collections, and at the end of each 
period. From analyses of blood samples curves were 
drawn for arterial and renal vem concentratloos dnnng 
the time of the exp eriment, and the values at the middle 
of coUcctloa period estimated. Plasma flow was 
calculated as dparaiice + per cent extraction blood flow 
from the hematoent value. Table VI shows the results 
obtained. In control experiments inulin and creatimne 
clearances agree reasonably wclL There is more dis 
crcpancy m the values for blood flow as calculated from 
inubn and creatminc. Small errors m extraction ratios 
make large difFerences m calculated blood flows The 
agreement sufficient, however to furnish acceptable 

evidence that there was no decrease m glomerular blood 
flow after poisomng The marked decrease m A-V dif 
ference in Dog 64 after poisoning i* strikmg This must 
be due other to diminished glomerular permeability or 


to much of the filtered substance having re-entered the 
blood stream through the tubule cells Reasons have been 
given for believing that the former is not the mechanism 
another reason for this belief is that the average cxtrac 
tion ratio for mulm is greater than for crealmme so that 
the glomerular membrane would have had to become more 
permeable to the large inulin molecule to the fmalJer 
creatinine. After poisoning there is a1v> a marked drop 
m the creatmine/inulln clearance ratio. Dog 65 was first 
given 0,5 ragm. per kgm. of uranium acetate to see if 
with the smaller dose there would be a decrease in crea 
tmine clearance without much change m inulin dearaoce. 
This did occur but the difference was slight Two weeks 
later she received an additional LO mgr n per kgm. and 
another experiment was earned out after two days. This 
showed some further depression in creatinine clearance 
and m creatinme/Inulm clearance ratio but again the 
creatinine clearance is not markedly alt er ed. It seems 
that if the tubules are sufficiently damaged to permit any 
considerable back diffusion of creatinine, the large inuhn 
nmlecole will alio regain the blood stream by the same 
me c h a n ism but to a lesser extent than creatimne (Dog* 
28 39 45 46 Table V) These ex p er i ments indicate 
that with tubular damage a dirmnisbed extractioa ratio 
may account for reduced clearances a mechanism sug 
gested by Van Slyke et al (87) but for which they had 
no direct evidence at the time. 

The loducys from these aitimals showed histological 
daoga trmSzr to thoso npatedly described titer acaa 
hun poBsonmg There was no o^tructioo to perfusion 
flow the glomeruli were well injected, and showed no 
consistent abnormality The tubules, especially the proxi 
mal co o Tolntcd segment* were the site of degeneration 
and nccrosi*. The severity of the tubular lesion vaned 
with the dose, length of sur vi val and m different animals 
receiving the same treatment 

Summary A predominantly tubular lesion 
with no reduction in blood flow can result in 
reduced clearances, and the excretion of an in 
creased volume of dilute unne In contrast to 
animals in which a similar decrease m renal func 
tion had been brought about by a reduction m 
renal mass, no conditioas could be found under 
which these ammaJs excreted a more concentrated 
unne. The most obvious explanation is that the 
damaged tubular epithelium ^va3 not onl> unable 
to reabsorb glucose, and to establish the normal 
osmotic gradient between lumen and capillary by 
reabsorption of water, but also permitted an ab- 
normally great back diffusion not only of urea and 
crcatinme, but even of the large inuhn molecule 
How far this process is simple diffusion, and how 
far It IS influenced by the osmotic pressure of the 
plasma proteins m the pentubular capillaries, can 
not be anal^'zed further from the data at hand. 
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Ureteral obstrueixon 

This method was used to simulate the conditions 
encountered in prostabc hypertrophy, stone, and 
hydronephrosis Urethral obstruchon would have 
been better, but would have precluded catheteriza- 
tion 

Snter (78) believed two factors contribute to the 
poljnina in such cases, tubular damage and “nervous re- 
flex.” Hinman and Hepler (36) believed that while 
excretory back pressure is the essential factor m produc- 
ing h) dronephrosis, its effect is closely linked with nutri- 
tional disturbances, and that the tubular atrophy is due 
more to anemia than to pressure When the ureter is 
obstructed, constriction of renal artery gives a more rap- 
idly developing hydronephrosis and atrophy than ureteral 
constncUon alone (37) Through the kindness of Dr 
Goldblatt, his clamps and instruments were available. 
Under ether anesthesia a small midlme mcision was made 
just above the symphysis, and a clamp applied to each 
ureter close to the bladder These were adjusted so as 
to constnet the ureter markedly, but not to occlude it 
Since a slowly developing or marked hj dronephrosis is 
assoaated wnth reduction m the number of glomeruh (46, 
57) the effort was made to produce a lesion and carry 
out the observations as rapidly as possible. 

After 5 to 11 days, these animals showed a 
definite impairment of concentrating ability, and 
reduction in clearances There was no elevahon 
in blood pressure. The degree of impairment 
was similar to that after uranium poisoning 
Unne volumes, however, were not so uniformly 
increased (Figure 2) At times the volume of 
unne durmg a concentration test would be as low 
as dunng the control penod, although the speafic 
gravity was always lower Table IV shows the 
results of attempts to obtain a concentrated unne 
by the means previously employed After pi- 
tuitnn a sigmficant mcrease m specific gravity 
was obtained m one ammal (Dog 30), increases 
of 2 to 5 pomts m four others In no instance, 
however, was unne obtained of a concentration 
approaching the mean speafic gravity on concen- 
tration test before obstructing the ureters Ad- 
mmistration of sulphate, increasing plasma pro- 
tan concentration, and lowenng the blood pressure 
were likewise without significant effect 

The ladnejs showed some dilatation of the pelvis, but 
save m the left kidney of Dog 21 no marked atrophy of 
the renal cortex. Histologically, the glomeruli appeared 
normal The tubular cells showed more or less evident 
cloudy swellmg In about half the ladnejs, there was a 
secoodarj pj'elonephnUs 


That the tubular damage is a reversible process, 
from which recovery can take place, is shown in 
Dogs 28 and 39, m w hich the clamps w'ere removed 
after reduction in clearances and low speafic 
gravities had been secured Functional recovery 
was complete or nearly so in a month 


TABLE VI 

Renal blood flow before and after uranium poisoning 
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Summary The explanation for the loss of con- 
centrating power offered for uranium poisoning 
would seem to be apphcable here also Reduc- 
tion in blood flow, however, may be a factor in 
the reduced clearances Levy, Mason, Harnson, 
and Blalock (49) found reduced blood flow when 
the ureters were tied The gradual reduction in 
the concentration of urea, increase in chloride, 
and appearance of sugar m the fluid obtained 
from a hydronephrobc sac, indicates the tubules 
have not only lost the capaaty to concentrate urea, 
but to reabsorb dilondes and sugar to the normal 
extent. 

Renal denervation 

Qaude Bernard (11) m 1859 found that divi- 
sion of the splanchnic nerves on one side led to 
an inaeased volume of unne from the ipsilateral 
kidney This has been confirmed repeatedly 

Marshall and Kolls (54) ate the literature up to the 
Ume of their papers An increase m renal blood flow 
IS usuallj offered as the mechanism responsible for the 
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dhireiis ftlthough Biyliia and Fee (10) found that m 
the double heart Itmg-kidney preparation, ■while iplanchnic 
ftectioci Increased blood flow pitnitrln decreased the urme 
volume without any change m blood flow Rhoads et aJ 
(70) did not find any increase In blood flow after 
splanchnic section- Denervated and normal kidney re- 
sponded alike to ingestion of water exerdse, pituitary 
extract (44) and to afferent nerve stimulation (81) 
Apparently the response of an ammal ivitb denervated 
kidneys to a concentration test has not been studied. 

Complete dcnervatkia of the kidney can only be secured, 
according to Quinby (65) by section and resuture of 
artery vein, and ureter Even under these conditions the 
diuresis disappears m about two weeks. Most authors 
have been content to divide all visible nerves entering the 
hflus or to cut the splandinic nerves. 

After preliminary concentration tests and 
measurement of water intake and unne excreted 
when water was allowed ad lib the kidneys of 
two dogs (Numbers 47 and 59) were denervated 
Under ether anesthesia, the kidney was exposed 
through a lumbar masion, delivered mto the 
wound, the capsule stnpped of all adherent fat, 
and artery vein and ureter carefully cleared and 
finally wiped rather vigorously with gauze. All 
other structures entering the hilus were divided 


TABLE vn 

Vrhn polumgj and cwwntraiKfn tuts hffore and a^ttr 
rsnal dmervaisan* 
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• Figures m parentheses indiette the number of obser 
vatlons averaged 


After operation, the daily unne volume when 
water was allowed was increased, and the specific 
gravity on conceutratiOD test reduced (Table 
VII) In one dog pituitnn yielded a urme of 
specific gravity equal to that of the mean concen- 
tration test gravity before operation in the other 
the increase after pituitnn was less marked- The 
mechanism of the polyuna and of the mode of 
action of pitmtnn has not been studied The ex- 
periments served only to show an experime nt a l ly 


produced Joss of concentrating power without 
other impairment of ladney function- 

Aneirna 

CThnstian (20) and Mosenthal (58) have noted 
low gravity in patients suffering from pemiaous 
anemia, with improvement dunng remission- 
Fouts and Hclmer (^) reported low urea clear- 
ances with improvement on hver therapy If this 
were due simply to anoxemia of the tubule cells 
it seemed that it should be reproduced m animals 
if hemoglobin was maintamed at a low le\el by 
repeated bleedings Smee, m the dog hemoglobin 
r^enerabon is very rapid on the stociv diet the 
animals were given either a bread and milk or 
Whipple’s bread and salmon diets On these 
diets alone, concentration test speafic gra>nties 
are lower than on the stock diet After bleeding 
the plasma was separated and remjected m order 
to maintain plasma protons at a normal level 
If necessary additional plasma was supphed from 
normal dogs Dog 33 showed no unpairmcnt of 
concentrating power or decrease in creatinine 
clearance after her hemoglobin had been reduced 
from 16 grams per 100 cc. to approximately 3.9 
grams and maintained at that level for a month 
IDog 42 was maintained at a level of about 7 8 
grams per 100 cc. for two and a half months, 
and then at from 4 6 to 55 grams per 100 cc. for 
an addibonal month. While during this tune 
some concentration tests showed gravities as Icnv 
as 1 020 others were well within the range of 
those obtamed dunng the control penod. The 
same was true of Dog 49 whose hemoglobm was 
maintained at 2 5 to 35 grams for a month. 
These dogs did not show any sigmficant change 
in creatimne or urea clearances or in blood pres 
sure during the penod of anemia. 

While the number of expenments is small they 
indicate that the mechanism of the diminished 
renal function m pemiaous anemia may not be 
due to the low hemoglobin alone, or if it is, the 
anenna must be present for a longer tune than it 
has been maintained in these animals 

Through the kiodneas of Dr (Joldblatt, »n oppor- 
tunity waj offered to study the concentrating abilib^ o£ 
lotne of hU dog» with ex p eri mental hypcrteniioa •pro- 
duced by renal iscfacmla. In Table VIII are ibown the 
manii y im tpccific gravities oc coocentratioo tests and 
the mean blood pressure before and after constriction of 
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the renal arteries or of the aorta abo-ve the renals It 
IS evident that hjpertension can be produced bj these 
means mthout anj reduction in the ability of the ladnej 
to excrete a concentrated unne. The renal hlood flow 
and mtrarenal hlood pressure are probabl> reduced in 
these animals As long as the reduction in flow is not 
sufiiaent to mterfere with the nutrition of the tubule 
cells, a concentrated unne is to be expected Animals 
with the “malignant” type of hypertension have not 
been studied 

TABLE VIII 

Mean blood pressure and maximum specific gravity of urine 
on concentration test in Dr Goldblatt's dogs before and 
after the production of renal ischemia 


Dog 

j Control period 

After production of 
renal Ischemia 

Mean blood 
pressure 

Maximum 

specific 

1 gravity 

Mean blood 
pressure 

Maximum 

specific 

gravity 

235 

140 

1 042 

170 

1 038 

240 

135 

1 047 

190 

1 045 

330 

120 

1 050 

192 

1 053 

340 

125-140 

1 037 

177 

1 046 

344 

120 

1 035 

195 

1 040 

368 

130 

1027 

210 

1 040 


Dr T Birch generously allowed observations on two of 
his animals durmg development of black tongue on a 
ntamm B, defiaent diet and its cure by mcotinic aad 
No change in the abihty to excrete a urine of high spe- 
afic gravity on a concentration test durmg these nutri- 
tional changes was noted 

Two dogs happened to he pregnant at the time obser- 
vations were started. One failed to attain a normally 
high speafic gravity during the last month of pregnancy, 
and both failed for a month after whelpmg Subse- 
quentlj, both excreted urines of normal concentration 

The lower test speafic gravities on a low protem diet 
are not necessarily due to the same mechanism as the 
reduction in clearances Pitts (64) and Herrin, Rabm, 
and Feinstem (35) have suggested that the latter is re- 
lated to the le^el of protein metabolism, and have shown 
that ingestion of salts or urea are without effect Dog 
SO had a mean speafic gravity of 1 026 for three tests 
after a month on the cracker meal chet She was then 
given 10 grams of urea and 5 grams of NaQ and put 
m a metabolism cage. The unne volume for the follow- 
ing twelve hours was 210 cc, and its speafic gravity 1 028 , 
for the next tw elve hours the volume was 130 ca and the 
speafic grawt> 1 046 After 40 units of pituitnn she 
excreted a unne having a speafic gravit> of 1 051 Dog 
52, which showed a mean speafic granty of 1037 for 
SIX tests on a bread and salmon diet, excreted a unne of 
1 050 after 12 grams of urea and 5 grams of NaCL Her 
blood urea rose from 12.0 to 193 mgm. per cent. After 
pituitnn, however, the highest gravity obtained during the 
succeedmg twelve hours was 1 641 Dog S3, which had 
shown a decrease from 1 061 on stoede diet to 1 026 on 


cracker meal durmg the wanter, still had a mean of 1 047 
for SIX tests wnth one as high as 1 060 after a month of 
cracker meal diet durmg the summer 

DISCUSSION 

These expenments confirm many in the litera- 
ture m demonstrating that there are several ways 
m w'hich loss of concentrating power may be 
brought about These include reduction in the 
number of nephrons, tubular poisoning, tubular 
degeneration resulting from back pressure, or back 
pressure plus ischemia, (temporarily at least) 
interference with the nerve supply to the kidney , 
at times low protem diet , and possibly pregnancy 
Lesions in the mid-brain, produang diabetes in- 
sipidus should be included Three of these are 
assoaated with other evidence of renal impair- 
ment, dmumshed clearances and elevation of blood 
urea and creabmne Only one exhibits any tend- 
ency to be assoaated with hypertension (reduc- 
tion in kidney mass) Some are reversible proc- 
esses (diet, pregnancy, denervation) from which 
restoration to normal regularly occurs Others 
(tubular damage) may recover if the injury has 
not been too severe Reduction in kidney mass 
is irreversible, and while hypertrophy of the re- 
maining tissue may be accompanied by some 
improvement in function, this is not apparent 
when renal mass has been reduced beyond a cer- 
tain point 

The response of ammals with these different 
types of hyposthenuna to various attempts to 
obtain a concentrated unne differs Pituitary 
extract leads to a unne of normal specific gravity 
after renal denervation, low protem diet, and 
(from the literature) after lesions of the mid- 
brain, it is wthout sigmficant effect in tubular 
damage and with reduction in kidney mass In 
the latter, increase m the concentrabon of plasma 
colloids and reduebon of blood pressure to near 
the enbeal level lead to the excretion of a more 
concentrated unne In the presence of tubular 
damage these are -without effect 

The unne volume in all tends to be above 
normal except in ad-vanced tubular degenerabon, 
when it IS diminished, or even suppressed In 
uranium poisomng, the presence of a normal blood 
flow wuth a diminished extraction rabo, which is 
lower for creabnme than for inulin, indicates that 
not only has the abihty of the tubules to reabsorb 
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sugar and water been impaired, but also the abibty 
to prevent such substances as creatimne concen 
trated to some extent by reabsorption of water, 
from re entering the blood stream. The obguna 
or anuna m extreme damage seems explicable on 
the assumpbon that these severely damaged cells 
act hke a dead membrane, and that the glomerular 
filtrate may be completely reabsorbed, the absorb- 
ing force being the osmotic pressure of the plasma 
colloids m the peritubular capillaries This oc- 
currence ivas demonstrated by Richards m frogs 
anunc from mercuric chlonde poisorung (71) 

Hyposthenuria results from lesser degrees of 
tubular damage because of the loss of capacity of 
the damaged cells to reabsorb water to the normal 
degree against the mcreasmg osmotic pressure of 
the flmd m the lumen of the tubules Accom 
panymg this there is loss of the abibty to resist 
back dififiision of substances concentrated by the 
reabsorption of water This back diffusion is 
greater for urea thrm for creatimne, and greater 
for (xeatuune than for mulin. Evidence is not 
available to deade the relative unportance of the 
two factors, nor the parts of the tubule mvolved 
When the tubules are severely damaged, most or 
all of the glomerular filtrate is reabsorbed the 
little unne that is excreted approaching an ultra- 
filtrate of plasma in composibon With lesser 
degrees of tubular damage there is an increased 
volume of dilute unne As the degree of damage 
increases the unne volume dimimshes but re 
mmns dilute. No means have been found whicli 
will perrmt the excrebon of a concentrated unne 
from such kidneys 

The polyuria and hyposthenuna resulhng from 
decreased kidney mass is adequately explained by 
increased blood flow and greater volume of fil 
trate per remaining glomerulus This results in 
a more rapid flow of fluid down the tubule lack 
of time for reabsorpbon accounbng for the hy- 
posthenuna. Under smtable conditions a small 
kidney remnant excretes a unne of high specific 
gravity There is no evidence in the expenments 
presented here that conbnued polyuna exhausts 
or damages the tubular cells It seems unneces 
sary therefore to assume tubular damage in 
addibon to the arculatory changes in order to 
explam this polyuna 

Other raechamsms for hyposthenuna, such as 
disturbances in arculating hormones undoubtedly 


exist but suffiaent evidence is not at hand to 
make discussion profitable 
Hyposthenuna might be classified as renal and 
extrarenal or parencbjunal and extraparenchymal, 
or tubular and non tubular In the former cate- 
gory belong the defimte tubular degenerabons m 
the latter, reducbon m renal mass Suffiaent evi 
dence is not yet available to know where to place 
the hyposthenuna of denervabon low proton diet, 
and of pregnancy 

CONCLUSIONS 

Hyposthenuna, or loss of ability to excrete a 
concentrated unne under usual condibons, may 
be produced experimentally in dogs in a number 
of ways These include reducbon m kidney mass, 
uramum poisonmg, ureteral obstrucbon denerva 
bon and a low protem diet 

Dogs subjected to subtotal nephrectomy wdl 
excrete a concentrated unne under certain con 
dibons, mcluding mcreased concentrabon of 
plasma colloids, low blood pressure, and injecbons 
of sodium sulphate after water depnvabon, A 
unne of high specific gravity has not been ob- 
tained from dogs with tubular damage, Pituitnn 
leads to the excrebon of a concentrated unne after 
renal denervabon but is without significant effect 
m the other groups 
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TABI-E I 

Distribution of index cases of rheumatic and control families according to the correlation of the histor;^ of Thematic morn- 

feslations in the paver Is and grandparents* 


GraudDarental hUtory 

Rhcnmatlc Index cases 

Control Index esws 

Paternal 

Maternal 

parental history 

Parental historj 
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• F - father M mother GF = grandfather GM = grandmother 


It tt'Es possible to obtain complete histones with 
respect to the occurrence of rheumatic manifesta- 
tions on every parent of all the rheumatic and 
control index cases, but the history with respect 
to rheumatic disease is complete in the grand- 
parents of only 86 of the rheumatic and 32 of 
the control index cases The discussion, there- 
fore, of the proportion of mdex cases with histoiy 
of rheumatic manifestabons in their grandparents 
IS limited to those cases for whom the informabon 
•wzs complete 

Of the 96 rheumabc mdex cases, 43, or 44 8 per 
cent, had one or both parents with a history of 
rheumabc disease m the past as compared wnth 
4, or 12 1 per cent, of the 33 control index cases 
Thus the percentage of index cases with rheumabc 
parents in the rheumabc group iias 3 7 fames as 
high as that of the control group The percent- 
age of index cases uho had grandparents with a 
posiUve history m the rheumabc group w'as almost 
hie times that found in the control group, the 
percentages being 57 0 to 12 5 


When both parental and grandparental his- 
tones are considered, the percentage of index 
cases with at least one parent or grandparent giv- 
ing a history of rheumatic manifestabons rvas 
73 3 per cent in the rheumabc group as compared 
with 215 per cent in the conttol group These 
results show quite definitely that a much greater 
proporbon of the rheumatic index cases have 
parents or grandparents who have had rheumatic 
disease than is found in the corresponding rela- 
bves of the control index cases They demon- 
strate in another form the findings of the previous 
article, which showed that there was an unusual 
occurrence of this disease in the families of 
rheumabc index cases 

The findings wnth respect to the percentage of 
rheumabcs who have parents with rheumabc his- 
tones IS, moreover, consistent in the two gcnera- 
bons analyzed Forty-three of the 96 rheumabc 
mdex cases had parents wnth a history of rheu- 
mabc disease A study of Table I shows that 
36 of these had one parent rheumabc and 7 had 
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both parents rheumatic, or there were in all 50 
rheumatic parents A summary of the history 
of rheumatic manifestations m tJietr parents 
(grandparents of the mdex cases) compiled from 
Table I shows for these rheumatic parents 

Nomber of rheomatic parents of mdex cases SO 

with rbenmatlc history m tMar parents Number 23 

Percent 46.0 

This percentage is in agreement with the per- 
centage of mdex cases whose parents gave a his- 
tory of rheumatic mamfestabons seen m the sum- 
mary of Table I, and shows the consistency of this 
finding m two generations of these rheumatic 
famihes 

Tht offspring of rheumatic and non rheumatic 
parents 

The famflies m this study were selected in two 
ways, (1), those of the rheumatic mdex cases be 
cause at least one child the index case, came to 
the clinic with some form of rheumatic manifes 
tatron, and (^), those of the control group be- 
cause the index case was examined m the Tuber- 
culosis Clinic and had not had an acute rheumatic 
episode Thus by definition, flt least one child 
m each of the rheumatic families must be rheu- 
matic, and one chfld m each of the control famihes 
must be non rheumatic.* Because of this method 
of selection the immediate fairuhes of the index 
cases are not suitable for a direct comparison of 
the relative frequency of rheumatic mfection ra 
the offspring of the parental matmgs 

The mformation obtained for the grandparents 
and their children may, however, be used for this 
purpose, because selection of the families was en 
tirely mdependent of any pnor knowledge of the 
past history with respect to rheumatic mamfesta 
tions of the grandparents, parents, imcles or aunts 
of the mdex cases The findings of this analysis 
are, therefore, not comparable with the findings 
of other investigators who used the immediate 
families of thar mdex cases to study this rela- 
tion (2 3, 4) 

* It Bbould be noted that control fannUes were iciected 
witbotrt reference to the past history of rbenmatic mani 
festahons m the siblmgi of the index case lo that it 
could happen that some of the fiblinffi bad been regU 
tered m the Cardiac Clinic— this did occur m three 
instances 


These grandparcntal famihes also have the ad- 
vantage m that they arc complete the grandpar- 
ents are all past the reproductive age and their 
Inrmg offspring are mostly past the age of maxi 
mum madence of rheumatic disease. It is also 
permissible to combine data on both the rheumatic 
and control families, because in this generation 
any difference which might be shown between the 
two groups IS not due to the method of sampling 
but ehould rather be considered due to the selec- 
tivity of the disease. 

The total number of grandparcntal families m 
the combmed rheumatic and control groups was 
258, and complete mformation was available mth 
respect to the history of rheumatic manifestations 
m the parents and children of 246 of these fami- 
lies (see Table I) From the 246 matings, for 
which complete histones arc available, there are 
1303 offspnng, of which 150 had a history of some 
type of rheumatic mamfestation 

The distribution of the grandparents of mdex 
cases according to their history of rheumatic dis- 
ease, the number of offspnng and the number 
and percentage of rheumatic offspnng from each 
type of mating is shown by sex, in Table II 

TABLE n 

Duinbutufn of [rond^tnial fcmtlw of wdex casts 
accordiui to Oit history cf rheumohe dueau tn the parents 
wUi the numl>er of ojfsprtnr of each ty^ of mating and t^ 
nvmher and perceniait of rheimatic efftpnng^ by sex 



A study of this table shows that where one or 
both parents (grandparents of index cases) gave 
a rhenmatic history a much higher percentage of 
the offspnng (parents, uncles and aunts of index 
cases) were affected than when neither mate had 
mamfcstations There are m addibon, some m 
tercstmg sex differences which are wortly of note. 
From the 34 matings of a rheumatic female with 
a non rheumatic male there were 104 fanilc off 
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spnng of -ft horn 34 were affected, and 85 male 
offspnng of whom 16 had mamfestations Rheu- 
matic mothers thus had almost twice the percent- 
age of rheumatic children among thar female off- 
spnng than they had among their male offspnng 
This IS in contrast to the fact that no difference 
IS noted m the percentage of male and female 
offspnng who were rheumatic m the 24 families 
where the father was rheumatic and the mother 
non-rheumatic. Viewed from another angle, we 
note with respect to the male offspnng, that there 
iras apparently no difference m the percentage 
who were rheumatic in the famihes in which the 
mother gave a positive history and those m w'hich 
the father gave a positive history Such w'as not 
the case with the female offspnng, the percentage 
of female 'offspring who were rheumatic being 
almost twice as high in the families where the 
mother was rheumatic as it -was in the families 
of rheumatic fathers 

The higher percentage of rheumatic children 
foimd among the offspnng of rheumatic parents 
than among the offspnng of non-rheumatic par- 
ents suggests that the hereditary constitution may 
be a factor m determinmg predisposition to this 
disease The higher frequency of rheumatic dis- 
ease among female offspnng of rheumatic mothers 
would seem to indicate that if heredity is a factor 
a sex difference exists 

Rheumaitc Diaiiifestatwns on the paternal and 
maternal sides of families of rheu- 
matic index cases 

A comparison of the percentage of the offspnng 
of the paternal and maternal grandparents of the 
rheumatic index cases who gave a history of rheu- 
matic mamfestations 3aelds further information 
upon possible hereditary relationships In mak- 
mg such a companson, the parents of the index 
cases must be excluded, because by the method 
of selection of these famihes, there must be one 
male child in each family of paternal grandparents 
and one female child in each family of maternal 
grandparents Any hereditary factor present in 
these famihes would also mamfest itself most 
strongly in the parents of the rheumatic index 
cases smce if such a factor be present, they must, 
of necessity, be the transmitters of the disease. 

Anotlier consideration is the accuracy of the 
histones obtamed, because it is generally much 


easier to intemew the mother than the father of 
the mdex case, and for this reason onl\ those 
families on the paternal side were considered in 
w'hich the history of rheumatic disease was ob- 
tamed from the father or one of his sisters 
The histones of 86 paternal and % maternal 
famihes are believed to be accurate, and these 
have been analyzed to show the percentage of 
aunts and uncles (siblings of parents of index 
case) with a rheumatic history on the paternal 
as compared with the maternal side This com- 
panson IS shown in Table III 

TABLE in 

Comparison of the relative frequency of rheumatic mainfesla- 
tions in the aunts and uncles of rheumatic index cases 
on the paternal and maternal sides 


j 

Paternal 

Maternal 

Relation 





1 


to Index 


Rheumatic 


Rheumatic 

case 

Number' 



Number 




Number! 

Per cent 

Number 

Per cent 

1 


Uncles 

( 159 

4 

25 

1 213 

33 

15 5 

Aunts 

172 

9 

52 

225 

35 

15 6 

1 


A study of this table reveals the interesting fact 
that while there is no difference between the pro- 
portion of the uncles and aunts who have rheu- 
matic mamfestations on their respective sides of 
the family, the percentage of maternal aunts and 
uncles who had rheumatic manifestations is almost 
three times that oi the paternal aunts and uncles 
As these aunts and uncles enter the study be- 
cause tliey are sibhngs of the parents of the index 
cases, any interpretation of the above finding is 
dependent to some extent upon w'hether the dif- 
ference noted IS due to the fact that in this group 
of famihes a greater number of mothers tlian 
fathers of index cases had a history of having had 
rheumatic disease (see Table I) A further 
analysis has therefore been made m which the 
aunts and uncles are classified as sibhngs of rheu- 
matic and non-rheumatic parents to compare pa- 
ternal and maternal sides of these families accord- 
mg to the history of the parent through whom 
they are related to the i heumatic index case This 
companson is shown im Table IV 

This table amplifies th; findings shown m Table 
III and demonstrates the fact that, when due con- 
sideration IS given to the presence or absence of 
a history of rheumatic disease m the parents of 
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TABLE IV 

Ccmparison of Iko rdalne frequency of rhamoHc mant~ 
festahms tn the aunls and undes of rkeumaUc index eaees on 
ike paiemai and malemaj ttdu occordtni to the kUiory of 
rieumoHc mantfcstaiums in the parents of whom they are 
siUxnis 




PAtental 

Matensl 

StbQaf of 

Rebtkm 
to Index 


Rbeomjdlc 


Rbnmatlc 



ber 

Nos* 

ber 

Per 

cent 


Nos 

ber 

Per 

cent 

Rheumatic 

Undes 

23 

1 

4J 

105 

21 

20 0 

parent* of 
index case* 

Aunts 

26 

3 

IIJ 

95 

25 

26.3 

Total 

49 

4 

80 

200 

46 

230 

Non-rbeumatlc 

Undes 

136 

3 

2 2 

108 

12 

11 1 

parents of 
index cases 

Aunts 

146 

6 

4 1 

130 

10 

77 

Total 

282 

9 

3 2 

238 

22 

92 


index cases, a greater proportion of the maternal 
than of the paternal aunts and uncles is found 
to be affected The number of persons falling 
into e ac h group in this table is not suffiaently 
large to allow significance to be attached to the 
individual percentages but they are consistent m 
that, m each instance they show a higher per- 
centage of persons \vith rheumatic disease among 
the maternal aunts and uncles than among the 
corresponding relatives on the paternal side of the 
family 

This supplements the observation, brought out 
by Table HI that more rheumatic disease occurred 
on the maternal than on the paternal side of these 
families of rheumatic mdex cases and mdicatcs 
tVini- this difference is present whether the parents 
be rheumatic or non rheumatic. This fact is 
worthy of consideration m any attempt to cvalu 
ate the hereditary factors m rheumatic disease. 

SUMMARY AND CONCLUSIONS 

Facts have been presented relative to the high 
inadence of rheumatic disease m the famihes of 
96 rheumatic children. The percentage of per- 
sons with a rheumatic history, who had parents 


with a similar history, was found to be consistent 
ra two generations of these famihes and ivas 3 7 
times as high as was found in a group of control 
famihes 

The offspring of the grandparents of the rheu 
matic and control index cases were studied to see 
if any relaticmship was present between the type 
of mating with respect to rheumatic disease and 
the percentage of children who were rheumatic. 
When one or both parents had a histoiy of rheu 
mabc manifestations a greater percentage of the 
offspnng was rheumatic than was found m the 
offsprmg of parents who gave no history of rheu- 
matic disease. 

The percentage of female offspnng of rheu- 
matic mothers who had rheumatic manifestations 
was found to be almost twice as high as m the 
male offspnng of these mothers 

A greater percentage of persons with rheumatic 
disease was found among the maternal aunts and 
undes than was found among the paternal aunts 
and undes of rheumatic index cases 
These findings suggest that hereditary conshtu 
tion may play a role m the predisposition to this 
disease. The evidence here presented does not, 
however exdude the possibility that infection 
plays an important role and that exposure may 
be the predominating factor 
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The physiological availability of the individual 
intravenous solutions which have been used for 
expcninental and clinical purposes vanes In 
secondary shock where an ohgerara exists the 
value of protein -containing infusions is evident. 
Gum acaaa salme solutions, used for the first 
time m human bemgs by Hurwitr (1) were ad- 
ministered extensively m traumatic shock during 
the World War (2) However, certam compli 
cations may follow the admimstrabon of gum- 
acaaa solutions such as liver damage (3) inter- 
ference wnth plasma protein regeneration (4) and 
a reduction m the oxygen content of the blood 
(5) This has affected to some extent its general 
populanty Gelatin saline solutions have been 
recommended (6 7) for the treatment of shock, 
but have fallen mto disuse due to the fact that 
the gelatme leaves the blood stream very rapidly 
and, therefore, maintains the blood pressure for 
only a short period of time. Solutions of henio- 
globm are capable of carrying oxygen and roam 
taming the osmotic pressure of the blood for a 
short penod of time (8, 9) The hemoglobin is 
soon converted mto methemoglobm resulting m 
renal damage dunng its excretion (10) How- 
ever, hemoglobm m Ringer s solutions can main- 
tain life in the mammal provided a minimum of 
mtraccUular hemoglobin remains m the blood 
stream of the experimental animal (8, 9) The 
hemoglobm in RmgeFs solution for obvious rea- 
sons, has not been used m the human. 

The first use of blood plasma and serum for 
transfusion purposes was made in the lower mam 
mals by Guthne and Pike (11) The hemo- 
conccntration of the blood m vanous forms of 
shock provides a rational basis for the transfusion 
of blo^ plasma and blood scrum Excellent re- 
sults have been reported following their adminis 
tration m man (12 13) The difficulty in ob- 
taming blood from the usual sources has led to 
the use of blood from the placenta (14), the um 
biheal cord (IS), and the cadaver (16) 


The search for a blood substitute has mduced 
us to deterrame the effectiveness of human pleural 
and peritoneal transudates (asatic fluid) In a 
previous study upon the heterologous transfusion 
of asatic fluid, it has been demonstrated to be 
of value as a substitute for blood in experimental 
shock in animals (17) In the present mvestiga 
tion, autologous and homologous transfusions of 
human asabc fluid have been performed with 
special reference to their effects from the view 
pomt of toxiaty, transfusion reactions and ef- 
fects upon blood pressure, pulse rate, and unne. 

Properhes of human asatic fluid 

Quanbtatrvc chemical examinations of a senes 
of asatic flmds revealed the following figures per 
100 cc. of fluid total protein, 20 to 3 19 grams 
albumin, 0.96 to 15 grams, globulin 06 to 08 
gram fibnnogen 0.2 to 041 gram nonprotem 
nitrogen, 18 to 40 mgm, sodium chlonde 700 to 
750 mgm, , and calaura 6 8 to 78 mgm The 
albumm globulin ratio ranged from 1 1 1 to 
2.3 1 It will be seen that the protem content 
of asatic flmd is approximately 28 per cent to 
45 per cent that of blood plasma. It has been 
demonstrated that the osmotic pressure of the m- 
tcrstibal flmds of the body follows dosely that of 
plasma of the blood (18) which suggests that the 
osmotic pressure of asatic flmd is approximately 
that of blood plasma, 

A prerequisite to the successful homologous 
and heterologous transfusion is the determination 
of the groupmg of the flmd This has been shown 
condusivdy m animals (17) It has been pomted 
out that group specific agglutinins are present in 
pentoneal and pleural transudates (19, 20) Such 
substances are similar to those occurring m the 
blood These facts render imperative the deter- 
mination of the compatability of the flmd with 
the blood of the prospective reapicnt In sup- 
port of the necessity for such dcterraraations are 
the transfusion deaths resulting in several ammals 
from the use of mcompatiblc asatic flmd. Ac- 
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cordinglj, cross aggluhnation tests ■^\cre per- 
formed throughout this in\ estigation 

Heterologous itaiisfusioii of ascitic fluid 

A bnef recapitulation of the results of trans- 
fusion of ascitic fluid m dogs may be pertinent 
at this point. It has been recognized previously 
that group speafic substances are present in the 
lower animals, eg, m dogs (21, 22) By the 
performance of cross agglutination tests it iras 
found that human asatic fluid could be transfused, 
i\uth safety, into dogs (17) No toxic effects 
were noted Secondary shock was then produced 
by graded hemorrhage The admimstration of 
the fluid -was capable of raising the blood pressure 
from the shock level The unne remained con- 
sistently free from albumin suggesting that the 
proteins of the fluid were utilized by tlie animals 

METHODS 

In these studies both pleural and pentoneal transudates 
were available. However, m most instances asaUc fluid 
obtained from human paUents suffenng from portal ar- 
rhosis of the hver or cardiac decompensation was used 
The fluids were removed with aseptic precautions and 
stored in sterile flasks at a temperature of 0 to S° C 
No preservatives were used and bacteriological examina- 
tions were made at mtervals usmg the blood-agar plate 
method Prolonged refrigeration did not affect the physi- 
ological availability of human ascitic fluid (17) Each 
fluid was submitted to the followmg exammaUons Kahn 
test, blood agar culture, and determmation of the protem 
and electrolyte content The Kahn and Wassermann 
tests were performed upon the blood of the donor of the 
fluid Immediately before use, the fluid was filtered 
through SIX layers of fine gauze and heated to body 
temperature m a water bath. 

A group of mne patients was selected to demonstrate 
the result of the autologous and homologous transfusion 
of human asaUc fluid. Cross agglutmation tests (23) 
were carried out between the ascitic fluid and the blood 
of the prospective recipient which was diluted with 085 
per cent sodium chloride solution Two drops of asatic 
fluid and one drop of diluted blood were used for each 
examination. In order to exclude the possible existence 
of an allergic sensitiveness to the fluid, an intradermal 
miection of OJ cc, of the asatic fluid was made into the 
reapient In none of the patients of the present series 
was the presence of such a sensiti\ encss noted. The fluid 
was admmistered mtravenously b> granty at a rate of 
10 ca per mmute. The usual asepUc precautions were 
taken. The amount of flmd which was admmistered 
vaned from 500 to 1500 cc. All of these patients had 
been hospitalized for varying penods prior to the mfuston 
so that a basal level of blood pressure and pulse rate had 
already been attained. The blood pressure and pulse rate 
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were determined before and during the introduction of 
the fluid. Lnnaiy e.xammations were carried out before 
and after the transfusions 

Transfusion of ascitic fluid in humans 

The autologous and homologous transfusion of 
asatic fluid w'as studied witli particular reference 
to the effect upon blood pressure (Table I) It 
wull be noticed that the effect upon the sjstolic 
and the diastolic pressures i-anes The systolic 
pressure remains unchanged or shows a depres- 
sion of several mm Hg which is then followed 
by a slight elevation of blood pressure In other 
instances, the systolic blood pressure did not 
alter The diastolic pressure, howe\er, showed 
an early increase of a few mm Hg and a slight 
depression later On the otlier hand, an early 
depression of the diastolic blood pressure wtis 
seen occasionally Examination of the blood 
pressure one hour after the completion of the 
transfusion revealed an approximate return to 
the pretransfusion level These results suggest 
that the transfusion of asatic fluid in individuals 
with relatively normal blood pressures, has only 
a slight effect m elevating the blood pressure 
This IS in accordance with the well knoivn fact 
that infusions m individuals with normal blood 
pressures yield only a mild and temporary pressor 
effect Later, the transfusion of ascitic fluid m 
one case of traumatic shock ivill be desenbed 

TABLE I 

Influenu of homologous transfusion of human ascihc fluid 
upon blood pressure 


Blood pressure 


Case 

Before 

trans 

fasioD 

After transfusion 

1 hour 
bter 

100 

cc. 

200 

cc. 

300 

cc 

400 

cc 

500 

cc 


mm 

mm 

mm 

mm 

mm 

mm 



Bz 

Bz 

Bz 

Bz 

Bz 

Bz 


J B 

142/100 

142/96 

142/112 

142/110 

144/96 

152/110 

150/108 


114/63 

lUfll 

116/72 

114/74 

II 6 / 8 O 1 

IIS/SO 

218/80 

H M 

124/70 

124/70 

122/76 

122/74 

122P4 

122/72 

122/72 

R M 

96/60 

92/60 

96/62 

92/62 

96/64 

98/62 

98/62 

M L 

132/66 

130/62 

126/62 

128/56 

130/58 

130/58 

132/60 

W B 

130/96 

126/86 

132/88 

132/92 

130/94 

132/94 

132/92 

T W 

140/4B 

148/52 

146/50 

142/58 

142/56 

142/58 

158/60 

J G 

108/76 

108/76 

1 12/80 

114/76 

116/76 

114/76 

118/82 

S S 

136/82 

134/72 

138/74 

136/76 

134/76 

136/76 

150/84 


The effect upon the pulse rate is also vanable 
In some patients there is present a slowing of 
the pulse, and m others an acceleration takes 
place The reason for this is not clear Exam- 
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mation of the unne revealed a transient cloudiness 
which persisted for several davs following the 
transfusion. However, the usual tests for al- 
bumin were consistently negative No evidences 
could be found of glycosuna or hematuria These 
facts suggest that the asatic fluid does not mjure 
the kidneys and that the proteins of the fluid are 
utilized by the reapient 

The inadence of post transfusion reactions was 
low, only two occurring out of a total of ten 
transfusions This low madence is emphasized 
by the fact that the asatic fluid which was used 
had been subjected to a prolonged refngeration 
lasting from three to five months Both reactions 
were of a mild character consisting of a bnef 
ngor and moderate nse of temperature. No 
other untoward symptoms were observed One 
of these patients was febrile pnor to the trans 
fusion and, therefore more susceptible to a 
reaction. 

The quesbon now anses as to the possibihty 
of the occurrence of shock from the autologous 
retransfusion of asabc fluid It has been pomted 
out that homologous retransfusion shock can take 
place, and that, m dogs this is of an anaphylactic 
nature (24) In one patient, J B a second 
transfusion of his own asatic fluid ten days after 


the primary transfusion produced no evidences 
of shock. Evidently this patient had not devel- 
oped any allergic sensitiveness to his own protein 

Asatic fluid transfusion in traumatic shock 

The experimental evidence of the efficacy of 
asatic fluid m treatment of hemorrhagic shock 
m animals (17) suggested its use in clinical sec- 
ondary shodc. One patient in this senes, A. H 
was admitted to the John Gaston Hospital m a 
severe state of secondary shock resulting from a 
gunshot wound of the abdomen At the time he 
was seen by one of us (H A D ), he had been 
in shock for a pcnod of approximately 12 hours 
The usual evidences of grave secondary shock 
were present — profuse sweating, restlessness 
rapid feeble pulse, hypotension slow sighing 
respirations, and scniiconsaousness Previous 
treatment which had mduded two mfusions of 
isotomc glucose solution had proved meffectivc m 
raismg the blood pressure. Blood of the ap- 
propriate type was not available Human asatic 
fluid of the correct type was obtained and a trans 
fusion of 1500 cc. of fluid w'as given It will 
be noted (Figure 1 ) that the blood pressure which 
was 66/44 at the commencement of the transfu 
Sion rose gradually to 104/70 The objective 
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Signs of shock diminished to a corresponding ex- 
tent At this time an exploratory laparotomy w’as 
performed Dunng the operation the systolic 
blood pressure fell to 70 mm Hg but a second 
transfusion of asabc fluid raised it to 100 mm 
Hg The patient finally succumbed 36 hours 
later This case is of interest from ti\o view- 
points First, this patient received 2500 cc of 
asabc fluid without any deleterious effects Sec- 
ondly, while the asabc fluid elevated the blood 
pressure where previous infusions had failed to 
do so, this elevabon of blood pressure was not 
maintained 

CASE REPORTS 

/ G male, white, 33 years Diagnosis lipoid ne- 
phrosis of 3 years’ duration two transfusions at asauc 
fluid, one of 500 cc, and the other 1000 cc., no evidences 
of reaction 

T IV male, white, 32 jears Diagnosis chronic 

alcoholism of 10 years’ duration one transfusion of 500 
cc, of asatic fluid, no evidences of reaction. 

IV B male, white, 44 years Diagnosis tertian ma- 
lana of 3 weeks’ duration one transfusion of 500 cc. 
of asatic fluid. No evidences of reaction. 

R M female, white, 31 years Diagnosis syphilis 

of central nervous system one transfusion of 500 cc. of 
asatic fluid mild ngor followed transfusion, and tem- 
perature rose from 94 to 1024® F 

L B female, colored, 46 years Diagnosis tertiary 

syphilis one transfusion of 500 cc, of ascitic fluid no 

evidences of reaction. 

M L. female, colored, 36 years Diagnosis epider- 
moid caremoma of cervix uten of 1 year’s duration. One 
transfusion of 500 cc. of asatic fluid, rmid ngor and 
rise of temperature to 102“ F followed by rapid recovery 

/ B male, colored, 55 years Diagnosis portal cir- 
rhosis of hver with asates One transfusion of 1000 cc. 
of his own asatic fluid no reacbon. Ten days later a 
second transfusion of 100 ca of his own fluid was given 
without any evidences of reacbon 

H M male, colored, 40 years Diagnosis gun-shot 
wound of abdomem One transfusion of 500 cc. of asabc 
fluid, no evidences of reacbon. 

A H male, colored, 41 years Diagnosis gun-shot 
wound of abdomen with severe secondary shock. Two 
transfusions of asabc fluid, the first bemg 1500 cc, and 
the second, 1000 cc. The first transfusion raised the sys- 
tolic blood pressure from 64 to 104 mm. Hg The second 
transfusion raised the systolic blood pressure from 70 
to 100 mm. Hg Blood of appropriate type was not 
available, and the final outcome was death m deep shock 
36 hours after admission to the hospitaL 

COMMENTS 

In a sun ey of the results of asabc fluid trans- 
fusion, It becomes apparent that this fluid is not 


toxic in human beings pronded tliat the proper 
precaubons are taken In only two of the entire 
group of transfusions did there occur reactions, 
and these could hare been a\oided probablj by a 
more thorough filtration of the fluid It is our 
belief that the cause of these reactions was par- 
bculate matter which had escaped filtration Bac- 
tenal contaminabon as a source of the reactions 
can be excluded m view of the care taken to avoid 
this factor Denaturabon of the fluid proteins 
by prolonged refngerabon is an unlikely possi- 
bility, although It cannot be definitely excluded as 
yet In all of the fluids a varying amount of 
fibnn clotbng takes place This spontaneous dc- 
fibnnabon may render the fluid slightly toxic 
It might be pertinent, at this point, to review 
the question of vasotomns in the fluid Such 
y'asotonins have been described in whole blood, 
blood serum, and blood plasma (25, 26, 27) 
These vasotomns are of two types, one being vaso- 
constnetor in character, and the other vasodilator 
The vasoconstnetor substances are both tempo- 
rary and permanent in nature (28, 29, 30) The 
vasodilator substances are present m fresh serum 
and plasma but usually disappear after refngera- 
bon The dilator substances have been analyzed 
and, apparently, are proteins (25) and are related 
to adenosine phosphonc aad (31) It has been 
pointed out that these vasotropic substances are 
present in all of the body fluids, including ascitic 
fluid (32) For this reason, it is important to 
consider the possibihty of such subsbuices being 
the cause of certain of the reacbons to asatic fluid 
transfusion The changes in pressure following 
the use of serum and plasma has been ascribed by 
many to the presence of parbculate matter which 
can be removed by repeated filtration However, 
this mechanical theory cannot be reconaled yvith 
the fact that ergotamine prevents the pressor ef- 
fect of serum and plasma extracts (27, 33) 

How adequate, from a physiological standpoint, 
are blood plasma and serum m the replacement of 
w'hole blood ^ The concentrabon of erythroiytes 
m traumabc shock and in shock following bums 
suggests that the major cause of the oligemia is 
the loss of the fluid porbon rather than the cellu- 
lar portion of the blood from the vascular system 
Further proof of this lies in the fact that the 
transfusion of blood plasma and blood serum has 
proven successful m the secondary shock of ex- 
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pcnmental animals (11, 34, 35, 36, 37, 38) and 
of human bangs (2 12, 13) 

For this reason, it would seem to be logical to 
assume that the transfusion of asahc fluid might 
be of value m conditions of shock associated with 
a concentration of the red blood cells 
The lower proton content of asabc fluid as 
compared with that of blcKxi presents a further 
problem for solution The concentration of as 
abc fluid and its preservation in a “lyophilc” 
form IS being earned out by the method described 
by Flosdorf and Mudd (39) It is proposed to 
study the effects of this lyophile ’ form of as 
atic fluid in secondary shock. Lyophile serum 
has been used with promlsmg results in expen 
mental shock (40) and in dmical shock (41) 
However, severe reactions may follow the use of 
concentrated serum m animals (42) and m human 
bangs (40, 41 ) 

CONCLUSION 

The transfusion of human asatic fluid in group- 
compatible animal and human recipients is prac- 
ticable. Reactions are few and relatively mild 
and, probably, will be elimmated by more thor- 
ough filtration of the fluid. Prolonged refngera 
tion does not affect the physiological availability 
of asatic fimd. It is suggested that the value of 
the fluid may be enhanced by concentration The 
properties of the concentrated or lyophile form of 
asatic fluid arc bemg mvestigated 

We wish to express oor deep appreatbon to Dr J L 
McGchee, Chalnnan of the Department of Surgery and 
to Dr J B McElroy Chairman of the Deportment of 
Medicme, for their kindness b makmg available patients 
on thor lemces for this study 

BIBUOGRAPHY 

1 Horwiu, S. H., Intraveijous mjcctioas of colloidal 
solutions of acacia m hemorrhage. Preliminary 
note. J A, M A. 1917 68, 699 
Z Robertsoo, O H., and Bock, A, V., Memorandum oo 
blood volume after haemorrhage. Special Report 
Scries Med. Res Com., I^oodoo, 1918 25 213 
1 Dkk, M W., Wanvtg E. and Andersch, M. Acaoa 
m treatment of nephrosis. J A, M. A., 1935 105 
654 

4 Hall W Kn The effecU of intravenous mjecuons of 
acacia upon certam functions of the liver Am. J 
Physiol (Proc.) 1938 123, 88, 

5. Christie A. Phatak. N M., and Obey M B., Effect 
of mtravcncKis acacia on ihysKo-chemlcal proper 


ties of the blood. Proc Soc Exper BioL and 
Med., 1935 32 670 

6. Hogan J J., The mtravenous use of coUoldtl (gcla 
tin) solutions m shock. J A. M. A., 1915 64 72k 

7 Clark, G W Effects of mtravenous mjections of a 
colJoid (gelatin) opoa rabbit sera, J Immunol, 
1918, 3 147 

8, Ambersoo, W R., Mulder A. G., Steggerda, F R, 
Flexner J., and Pankrati, D S Mammalian life 
without red blood corpuscles. Science, 1933 78, 
106. 

9 Green, A. A., Studies m the physical chemistry of 
the proteim. X. The solubility of bonoglobzn m 
solutions of chlorides and sulfates of varying con 
centration. J BloL Qicm, 1932, 95 47 

10. Bayliss L EL Kcrndge, P M. T., and Russell, D S., 
The cxcrttloQ of protein by the mammalian lodney 
J PhysioL, 1933 77, 386. 

11 Guthrie, C C, and Pflee, F H^ The relation of the 
activity of the excised mammalian heart to pres 
sure m the coronary vessels and to Its nutntlon. 
Am. J PbysioL, 1907 18, 14 

tZ Ricbet, C Brodin P., and Salnt-Girom F., Des 
mjections de plasma sangum (plasmothirapie) 
pour rempltctr le sang total, Compt rend, Acad, 
d. sc., 1918 167, 618. 

13. Filatov, A,, and Kartaievskij N., Die Transfuska 
von mensebUebem Bhitplasma als blutstlUendes 
MlttcL ZemraJbL f Oilr., 1935 62 441 

14 Malinovski) M. Smirnova, L G., Boyirihinora, 

if. S., and Tananova, V G., Use of placental 
blood b transfusion. Sovet khir., 1934 7 179 

15 Novikova, L. A., and Farberova, R, S., Organization 

of collection and use of umbilical cord blood for 
transfusHJO. Sovet. khir., 1936 11 794 

16. Judme, S., La transfusion du sang de cadavre i 
Ihomme. Mtsion, Paris 1933. 

17 Davis H. A., and White, C S Human asatic fluid 
as a blood sub s ti t ute m experimental secondary 
shock. Proc. Soc. Exper Blok and Med., 1938, 
38, 462. 

18. Gilman, A., and CowgiU G R., Osmobc relatlooi 
b et ween blood and body fluids IV Pancreatic 
juice, bile and lymph. Am. J Physiol., 1933 104 
476. 

19 Emile Weil P., and Isch Wall, P., Hfano-agghrtbbes 

des drrers bquides organiquea. Corapt. rend. Soc. 
de bioL. 1923 88 173 

20 YoswJa, K. L Uber die gruppempezifischen Unter 

schlede der Transsudate, Exsodatc, Sekrete, Ex- 
krete, Organextrakte und Organicllcn des Men 
schen und ihre rechtstnedlzmischcn Anwendungen. 
Ztschr f d. get. exper Med., 1928, 63 331 

21 von D u ngem, E and Hlrschfcld, L-, Ueber gruppen- 

tpcilfischc Strukturen des Blutcs. Ztschr f Iro- 
mumtitsforsch, u. exper Thcrap. 1911 8, 526. 

22. Thomsen, O., and Kemp T., Bhrtgruppendifferen 
zierung ba Tiercn. I Ztschr f Inununltits 
forsch- a exper Thcrap., 1930 67, 251 

I 



226 


PAUL KUNKEL, EUGENE A STEAD, JR , AND SOMA WEISS 


hand was rapid m companson WTth the flow in 
the forearm, when the collecting pressure was 
applied the rate of increase in the volume of the 
forearm was greater than that caused by the ar- 
tenal inflow to the tissues of the forearm This 
was due to the trapping in the veins of the fore- 
arm of the blood retummg from the hand With 
the body cool and the forearm bath at 30° C , 
the blood returned from the hand slowly enough 
not to influence appreaably the measurement of 
the blood flow in the forearm When the body 
was heated, however, the flow to the hand in- 
creased much more than that to the forearm and, 
if the arculation to the hand was not obstructed, 
the calculated values for the flow' in the forearm 
were greater than the true values When the 
w^ater bath surroimdmg the forearm was main- 
tained at 43° C the arculation m the forearm 
was so rapid that the venous return from the 
hand had httle effect on the measurement of the 
forearm flow, regardless of whether or not the 
body was heated In 5 experiments on 3 subjects 
at room temperatures from 20 to 28° C and with 
the forearm bath at 43° C , the forearm flows 
averaged 104, 14 9 and 88 cc per minute, re- 
spectively, after the arculation to the hand was 
occluded by inflating a cuff distal to the plethys- 
mograph to 300 mm Hg the flows averaged 9 5, 
14 7, and 8 7 cc , respectively Dunng the reac- 
tive hypererma folloivmg artenal occlusion Grant 
and Pearson (5) found the forearm flow to be so 
rapid that the retuimng blood from the hand had 
no effect on it 

In the studies of the vasomotor reactions of the 
forearm and calf reported here, the arculation 
to the hand and the foot ivas always completely 
obstructed by suddenly mflatmg cuffs just distal 
to the plethysmographs to 300 mm Hg From 
30 seconds to 2 minutes were allowed for the 
base hue to become level before readmgs were 
taken Occludmg cuffs were also used m studying 
the effects of epinephrine and pitressm when the 
temperature of the forearm bath was below 43° 
C, and m some instances when the ivater bath 
was at 43° C They were usually applied when 
the blood flow' was determined with the ^vater 
bath at 32 to 37° C , when the temperature of 
the room was not high enough to cause I'asodila- 
tation m the hand or the foot they w ere not used 
In the study of the effects of exerase and of ar- 


tenal occlusion m the forearm and calf the cir- 
culation of the hands and feet was always un- 
disturbed 

OBSERVATIONS 

Vasomotor reactions m the forearm and calf 

The ^'asomotor responses m the forearm and 
the calf of 9 normal subjects were studied W'lth 
the water bath at temperatures of from 8 to 43° 
C The arculation distal to the plethysmographs 
was obliterated by mflatmg cuffs to a pressure of 
300 mm Hg In the 2 subjects w'ho showed the 
greatest responses, repeated observations w-ere 
made on different days and the temperature of 
both the room and the ivater bath ^vas varied 
The stimuli routinely used to eliat vasomotor 
responses were pinching the skin of the chest, 
noise, and a deep inspiration In a few instances 
mental arithmetic and the sudden application of 
an ice cold towel to the chest were employed The 
pinches always produced pain, the noises were 
unexpected and loud, m order to startle the sub- 
ject if possible Less intense stimuli usually 
gave little or no response The forearm and calf 
responded to these sbmuli m one of three ways 
(I) wth a decrease m volume, (2) with an in- 
crease m volume, or (3) with a biphasic reaction, 
t e , an increase followed by a decrease m volume 

Decrease in volume Six of the 9 subjects ex- 
hibited a decrease m volume of the forearm fol- 
loivmg noise or pinch , 3 showed no chang*e Four 
showed a deaease m volume of the calf after 
noise or pinch, 5 showed no change (Figure 
1-J5) Five subjects showed a decrease m vol- 
ume of both the calf and the forearm after a deep 
inspiration (Figure 1-A), and 3 showed no 
change One was not tested Two subjects 
showed no response to any stimulus in either the 
forearm or the calf For reasons to be stated 
below, the decreases m volume of the parts are 
considered to be the result of active vasoconstric- 
tion and will be called constnetor responses 

The constnetor responses m the forearm and 
the calf paralleled the vasoconstnetor reactions 
which have been shown to occur in the hand and 
the foot following similar sensory stimuli They 
had a similar latent jienod of from 3 to 9 seconds 
and likewise w'ere abolished when complete vaso- 
constnction w'as caused by cold, and greatly dimin- 
ished in intensity or abolished when the vessels 
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Fig. 1 Vasoconstrictiom in the Fobearvi and Calr 


In ttus and the following figures a nsc m the base line indicates an 
uKTcasc, while a fall indicates a decrease m volume. Tlie calibrationi arc 
ui cubic centimeters upper = forearm, Imver *= calf 

A Tlie effect of a deep breath Room temperature 26 C 
B The effect of a sudden noise- Room temperature 32 C. 


\t ere suffiaently dilated by local heat Thc> usu 
ally lasted from 1 to 3 nunutes but at times were 
of even longer duration The intensity of the 
stimuli necessary to produce \’asomotor responses 
m the forearm and tlie calf -was greater than tliat 
required for the hand and the foot, and the magni 
tude of tlie response as measured in cubic centi 
meters per 100 cc of tissue W’as usually less than 
in the hard and the foot 

As m ttie hand and the foot there ivas great 
vanation in the degree of \Tisomotor response 
not only m different subjects but also in the same 


subject on different da\s The temperature range 
over whicli good constnetor responses were oh 
tamed m the forearm and the calf was however 
not so great as m the hand and the foot Tlie 
ideal temperature for obtaining the constrictor 
responses vaned from subject to subject In any 
one person both the en\nronnicntal temperature 
and the temperature of the water bath mflucncecl 
the state of the vessels In general tlie responses 
were greatest with the room temperature lietwcen 
30 and 33® C and the temperature of the water 
bath between 30 and 37® C Under these condi 
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tions the subjects usualh exhibited generalized 
rasodilatation \Vith the water bath at 43° C 
or abo\e or at 20° C or below \-asoconstrictor 
impulses w ere rarelj obtained in response to noise 
or pinch tliough at times a deep breath was still 
effectu e As a rule the \'asoconstnctor responses 
m tiie foreann were greater, more easilr obtained, 
and persisted o-v er a greater range of temperature 
than those m tlie calf Cold was as effectu e a 
stimulus as noise or pinch mental arithmetic pro- 
duced less response 

It is well known that the efferent pathway for 
ATisoconstrictor responses to sensorj’^ stimuli in 
the hand and the foot is through the sjmpathetic 
nenes suppljmg the vessels As the i^socon- 
stnctor responses in the forearm and the calf are 
similar to those in the hand and the foot, it is 
assumed that they also are transmitted bv the 
sympathetic nerves Since they are produced b\ 
such stimuli as noise and pincli, which do not 
cause a fall in blood pressure the decrease in 
volume must be the result of active vasoconstnc- 
tion m the vessels of the part inclosed within the 
jilethysmograph 

Increase in volume In addition to the con- 
stnetor responses, 4 of the 9 subjects showed at 


some time during the experiments an increase in 
the volume of the foreann and calf following 
noise, pinch or the application of ice cold towcK 
(Figure 2- A and B) For coiivenicncL an\ in- 
crease in volume regardless of the mechanism 
bv which It is produced will be called a dilator 
response These responses w ere obtained less 
frequentlv than the constrictor responses The} 
were obtained at times with the water bath at 
temperatures from 10 to 43° C Thej were never 
produced bj mild stimuli but occurred onh when 
tbe patient had actual pain, was fnghtened b} the 
noise or experienced actual discomfort from the 
ice cold towel The stimuli emploved were usu- 
ally intense enough to produce quickening and 
deepening of the respiration and an increase in 
the force of the apex impulse They frequcntl} 
caused a nse in the blood pressure, but at times 
when an increase m v'olume was measured no in- 
crease in the blood pressure could be detected bv 
the auscultator}' method The latent period be- 
tween the application of the stimulus and the be- 
ginning of the increase in volume usually did not 
exceed 2 seconds and frequently was too short 
to measure by our apparatus The duration of 
the dilator responses was usually from IS to 30 
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Fig 2. Dil-vtor and Biphasic Responses in the Forearm and Calf 

-J and B Dilatation induced b\ pinching the skin Room temperature t, 32 C R 27 C 
C Dilatation followed b\ constriction in the calf produced b} pinching the skin, vasoconstriction in 
forearm from the same stimulus Room temperature 32° C 
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seconds in contrast to the constrictor response, 
^^hJch typically lasted from 1 to 3 mmutes Un 
like the constnctor responses dilatation was more 
easily obtained early in the expcnment, espeaally 
m the cases in which noise wxis tlie most effective 
stimulus As the subjects became accustomed to 
the noise, its effect on the arculation diminished 
Blood ffow determinations made at the height of 
tlie dilator responses m the subject who showed 
the greatest increases in volume in tlie forearm 
and the calf showed no measurable cliange in the 
blood flow 

Btphasic reaction Tlie third t>’pe of response 
was charactenzed b\ an increase m volume fol 
lowed by a decrease (Figure 2-C) These bt 
pliasic responses were usuall} greatest with the 
water batli at or near 30® C As lu the mono 
pliasic reactions the latent penod preceding the 
increase in volume was short 

The dilator responses observed follownng sen 
sory stimulation can be explained in four ways 
They may be due to (a) active reflex vasodilata- 
tion (6) a passive increase in the volume of the 
part as a result of vasoconstnction in the portion 


of the extremity proxmial to tlie plctli} smograph 
(f) a passive mcrease in the volume of blood in 
the veins as a result of an increase in mtrathoraac 
pressure (d) a slight increase in the vviliime of 
the v'ascular bed owing to a transient increase m 
cardiac output 

(a) When the increases in volume in tlie fore 
arm and the calf were first observed it w-as as 
sumed that they were the result of changes oc 
cumng m the muscles, since we liad not observed 
similar responses in the hand and the foot which 
contain little muscle as compared with the forearm 
and tlie calf In view of the fact that the stimuli 
used in the previous investigation liad been 
weaker however the vasomotor responses m the 
hand and the foot were retested in the 2 subjects 
giving the greatest increase in volume in the fore 
arm and the calf The stimuli were of the same 
character and mtensity as those used in the ob- 
servations on the forearm and the calf One stib 
ject showed on two different davs an increase m 
volume followed b> slight constriction in both the 
hand and the foot (Figure 3) In this case tlie 
water batli was cold enough nearly to obliterate 
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the constrictor response Tlie second subject 
showed the biphasic response onh in the foot 
Again, the latent periods preceding the increases 
in \olume were short This demonstration of an 
increase in rolume in tlie hand and tlie foot, which 
contain little muscle, indicates that the similar 
response in the forearm and the calf is probablj 
not the result of actne \-asodilatation occurnng 
in the muscles of the foreann and the calf 
Aloreover, it is unlikeh that the increase in volume 
IS the result of actne \’asodilatation occurring m 
the skin, since the response in the forearm and 
the calf is obtained at times when the skin vessels 
are alreadj greatlj' dilated bj a local temperature 
of 43° C 

(b) It is possible that the increase m volume 
is the result of rasoconstnction in the portion 
of the extremity proximal to the plethj smograph 
Regardless of whether the lessels inclosed in the 
plethysmograph are constricted by local cold or 
dilated bj' local heat, the -vessels proximal to the 
pletlij smograph may still be able to constrict If 
the vessels inclosed w ithin tlie plethysmograph did 
not change in caliber because they were either 
dilated by local heat or constneted by local cold, 
the effectn e blood pressure in these vessels might 
be raised as a result of v asoconstnction m other 
parts of the extremity The short latent penod 
preceding the increases in volume and the brief 
duration of the dilator responses as compared 
with the constnetor responses are against this 
explanation 

(c) Changes in intrathoraac pressure influence 
the rolume of the parts inclosed in the plethysmo- 
graphs, and produce the small respiraton wares 
frequently noted in the tracings (6) A slight 
expiratorr effort against a closed glottis w ill pro- 
duce an increase m intrathoracic pressure, wduch 
will cause the -venous pressure to rise and in- 
crease the -volume of the foreann and the calf 
A few quick breaths also will at times produce 
an increase in the calf volume Tracings of tlie 
increases in volume thus produced differ in two 
respects from tracings of increases resulting from 
stimuh such as pinch or noise (1) tyflien the 
breathing returns to normal the volume immcdi- 
atelv returns to the base line, (2) the indivadual 
respiraton vvav es are larger 

(d) The dilator response to sensorv stimuh is 
best ex-plained as the result of a slight increase 


in the volume of the vascular bed owing to a 
transient increase m cardiac output This in- 
crease m cardiac output would not have to be 
great, as the maximum increase m volume was 
about 4 cc in a calf having a volume of 1800 cc , 
or about 0 22 cc per 100 cc of calf It is tnic 
that bj the auscultaton method the blood pres- 
sure did not alvvavs rise It is jxissiblc, however, 
that the increase in pressure necessan to produce 
in an elastic sj^stem the volume changes obsened 
mav' be verj small While no measurements ot 
cardiac output have been made in the first few 
seconds following sensorj' stimulation an increase 
may well occur, as it has been shown that the 
latent period preceding the increase in pulse rate 
IS short The latent period preceding accelera- 
tion of the heart rate at the beginning of volun- 
tarj' exercise is one cardiac cjcle or less (7) 
Bainbndge (8), using anesthetized dogs, found 
that following stimulation of the central end of 
the sciatic nerv'e the heart rate increased after a 
latent period usually not exceeding 1 to 2 seconds 
These authors (7, 8) showed that this initial ac- 
celeration of the heart rate was the result of a 
decrease in vagal tone and not the result of stimu- 
lation of the cardiac accelerator nerves In 1 sub- 
ject observed by us the effect of noise and pinch 
on the heart rate was studied with the electro- 
cardiograph After pinch tlie heart rate became 
more rapid for 3 to 4 beats , after noise the heart 
rate showed little change This subject gave much 
better dilator responses to pinch than to noise 

If the increase m volume of the part resulted 
from increased cardiac output, the amount of in- 
crease would be influenced bv both the size of 
the part and the degree of dilatation of the arterial 
bed before the stimulus is giv'en The greater 
amount of tissue present in the calf accounts for 
the ease w ith w Inch dilator responses are obtained 
in the calf as compared with the forearm The 
influence of the amount of dilatation of the vas- 
cular bed cannot be interpreted with such ease, 
as in 1 subject as large increases in volume were 
obtained at 10° as at 43° C 

Effect of local heat, arterial occlusion, and cvcrcisc 
on blood flozv in the hand, forearm, fool, 
and calf in norinal subjects 

Local heat In subjects Ijing quietlj m a com- 
fortable jKisition in a room at a temperature of 
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from 20 to 28° C and with the water bath at 
32° C the values for the blood flow to the fore- 
arm and foot in 4 subjects and to the calf In 5 
subjects each were at about the same level i e 
less than 3 cc, per minute per 100 cc. of tissue. 
The blood flow to the hand was somewhat greater^ 
averaging 5 cc. m 8 persons When the tempera 
ture of the water hath was raised the flow in- 
creased in all parts At a room temperature of 
from 22 to 26° C with the water bath at 37° C 
the average values were hand (6 subjects) 10 
cc. forearm (4 subjects) foot (4 subjects), and 
calf (2 subjects) around 5 cc. With the water 
bath at 43° C, the average flows mcreased to 
hand (18 subjects) 32 cc., foot (34 subjects) 17 
cc, for ea r m (7 subjects) 14 cc. , and calf (9 sub- 
jects) 9,5 cc. The blood flow at 43° C was little 
affected by vanatiotis m room tempcratin^ be- 
tween 20 and 30° C Table I gives the figures 
for the blood flow at 43° C m the hand, foot 
forearm and calf in 4 subjects, 

TABLE J 

B/cwl /fow tH tk$ hand fortarm fact end calf at 4S* C 
Ticord^d oi cubic centirndert ptr minute per IOC cc 
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With the water bath at 32 to 37° C the blood 
flow in the hand and the foot was greatly in 
creased by heating the body No studies were 
made of the effect on the forearm and calf flows 
produced Ity heating the body Grant and Pear- 
son (5), however have shown that on moderate 
heating of the body there is httle increase m the 
forea rm and calf flows as compared with the m- 
crease m flow in the hand and foot Recently 
Grant and Holhng (9) have reported a consider- 
able increase in forearm flow following mtense 
heating of the body We found that raiamg the 
local temperatures produced a defimte progressive 
nse in the blood flow in the forearm and the calf 
The presence of arteriovenous anastomoses in 
the skin of the hand and foot (1) suggested that 


the blood flow in the skin of the hand and the 
foot might be greater than that in the skin of 
the forearm and the calf For the purpose of 
comparison the surface area of the respective 
parts was determmed and the blood flow at 43° C 
calculated as cubic centimeters per minute per 100 
sq cm of skm (Table II) Thus the mass of 

TABLE n 

Blood flow tn the hand forearm foot and caJf at 43* C 
recorded as cubic centimeters per mnuie per 100 
sq cm of surface area 


Sabjtct 

1 

Porwm 1 

Foot 1 

Celt 

Blood 

flow 

SUn 

km 

Blood 

flow 

SUa 

are* 

Blood 

flow 

SUb 

area 

Blood' 

flow 

SUj) 

area 

E.S, 

45 

482 

23 

OH 

393 

28 

tf m. 

678 

15 

em 

656 

P K. 

1 

28 

548 

22 

450 

26 

781 

17 

653 


muscle present m the calf and the forearm ^vas 
completely disregarded and the parts were treated 
as if the entire blood flow were to the skm The 
flow in the hand calculated m this way was still 
greater than the flow in the other parts exammed. 
The flow ID the foot was also greater than that 
m the forearm and the calf 
ArierusI occluswt In order to determme to 
what extent the local heat of 43° C produced 
vasodilatation m the vanous parts, the heat stimu 
lus was remforced in the hand, forearm and foot 
m 2 subjects by a 5-mmute penod of arterial oc 
elusion obtained by suddenly inflating cuffs prox 
imal to the pJethysmographs to a pressure of 300 
mm, Hg Blood flow determinabons were made 
before and after the occlusion In the foot the 
vessels were so completely dilated that m the 
penod immediately following the artenal occlu 
Sion very httle change m blood flow occurred 
In the hand the flow increased between 25 and 
50 per cent, but that m the forearm increased as 
much as 500 per cent The difference betiveen 
the response of the hand and foot may be due to 
the fact that the band contains proportionally 
more muscle. However, the observed difference 
may be accounted for by the fact that the hydro- 
static pressure is considerably greater m the foot 
than in the hand plethysmograph 
Excrctsf Studies were made of the effect of 
exercise on the blood flow m the muscles of the 
forearm in 2 subjects and m the calf m 5 sub 
jeets. The excrase m the forearm consisted m 
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tightly dosing and opening the fist at the rate of 
about 90 times per mmute for 3 minutes, the muS' 
des of the forearm being held as taut as possible 
The exerase in the calf consisted of 3-minute pe~ 
nods of flexing and extending the ankle at the 
rate of about 60 times per mmute Flows were 
taken immediately after the penod of exerase 
The exerase in the forearm produced no constant 
change m the flow' of the hand at temperatures 
of the water bath varymg from 32 to 43° C , as 
it involved few of the musdes of the hand How- 
ever, it invanably produced a marked increase in 
the blood flow in the forearm The actual in- 
crease in flow in the forearm was approximately 
the same (16 to 20 cc per 100 cc of tissue) re- 
gardless of whether the resting flow was 2 cc at 
32° C or 10 cc at 43° C In the calf the in- 
creases in blood flow after exerase were rarely 
as staking In 5 subjects at 43° C the increase 
averaged 7 cc. per minute per 100 cc In 1 sub- 
ject tested at both temperatures the increase was 
the same at 32 and 43° C The subjects were 
not able to keep the calf musdes taut dunng the 
penod of exerase and this probably allowed better 
arculation through these musdes dunng exerase 
than occurred in the musdes of the forearm The 
effect of 3-minute exerase of the toes was tned 
out in 1 subject at 30° C , and a nse in blood flow 
in the foot of only 1 cc. was obtained 

In organs which contain comparativdy little 
musde, such as the hand and the foot, external 
heat produces rdabvdy complete dilatation and 
little further increase in blood flow can be in- 
duced by a 5-minute penod of artenal ocdusion 
In the forearm, how'ever, external heat causes 
great dilatation only in the vessels of the skin 
Therefore, when the vessels of the musde are 
dilated by artenal ocdusion, the blood flow is 
greatly increased Likewuse, the fact that a given 
amount of exerase in the forearm and the calf 
produces approximately the same degree of in- 
crease in blood flow above the resting levd at 
temperatures of from 32 to 43° C is evidence that 
the major portion of the \'asodilatation resulting 
from the heat occurs in the skin 

Effect of epinephrine and pitressin on blood flow 
ill the hand, forearm, foot, and calf 

Epinephrine Epmephnne hydrochlonde, 1 cc. 
of a 1/1000 solution, was injected subcutaneously 


In the amounts used, epmephnne alwais caused 
a well marked increase in the pulse rate, sjstohc 
pressure and pulse pressure, and a fall m the 
diastolic pressure The subjects became pale and 
complained of palpitation At 43° C marked 
vasoconstnction occurred m the hand and foot, 
usually lasting for 2 hours In 4 subjects the 
average flow' in tlie hand fell from 38 to 15 cc 
per minute per 100 cc of tissue following the 
administration of epmephnne, the average flow 
in tlie foot in 2 subjects fell from 14 to 6 cc 
In the forearm and the calf the flow never 
decreased, usually it showed a definite increase 
coinadent with the marked increase in the am- 
plitude of tlie pulse waves (Figure 4) A slight 
increase in flow persisted after the pulse rate 
and the blood pressure had returned to the resting 
level The greatest increase in blood flow usually 
occurred at the height of the nse in pulse rate 
and systolic blood pressure In 8 expenments on 
5 subjects at 43° C the average maximal increase 
m forearm flow was 4 cc , an increase of 40 per 
cent As the average forearm volume \vas 751 
cc , this \vas an increase of 30 cc per minute in 
the flow to the mass of forearm inclosed In 1 
subject at 31° C the forearm flow increased from 
2 to 7 cc , an increase in total flow of 43 cc per 
minute In another subject at 20° C the flow 
increased from 1 5 to 3 cc , or an increase in total 
flow of 13 cc per minute 
The calf was studied in only 2 subjects at 43° 
C , in one the flow showed no change and in the 
other the flow increased from 9 to 11 cc As the 
calf volume was 1400 cc this represented a nse 
of 28 cc per minute m the blood flow to the part 
of the calf inclosed m the plethysmograph In 2 
subjects at 31° C the average calf flow increased 
from 1 to 3 5 cc This represented an increase 
of 50 cc per minute to the portion of the calf 
^vlthm the plethysmograph (Figure 5) 

Blood flow determinations were made before 
and after exerase of the forearm muscles m order 
to ascertain whether epmephnne altered the ability 
of these vessels to dilate Three-minute periods 
of exerase were earned out m the forearm as 
previously desenbed w'lth the water bath at 43° 
C Epmephnne, 1 cc of 1/1000 solution, was 
then injected subcutaneously and similar penods 
of exerase performed while the vasoconstnction 
m the hand and the foot was maximal The ves- 



VASOMOTOR REACTIONS IN THE EXTREMITIES 


233 



MINUTES 

Fig 4 Eptect of Epikepheine, 1 cc. or 1/1000 SonmoN Subcvtakeoubly oir Blooo Flow 
IK THE Hand Fobzash ani> Foot in the Saue Subject at 43 C 
Dctcrmmationi m tbe hand and foot ^crc made imniltaneoujly mcaiurcmenta in the 
forearm were taken on another day 


sels dilated as fully \vith exercise as they did 
before injection of epinephrine Since the cxer 
ase was difBcult to quantitate the blood flow w'as 
determined in tlie forearm at 43° C in the penod 
of reactive hyperemia follotnng 3 nimute artenal 
occlusion before and after the subcutaneous m 
jection of 1 cc of 1/1000 solution of epinephrine 
The resting flow of tlie forearm was increased by 
the epinephnne the response to artenal occlusion 
was not altered 

Ptfr^ss7ti Observations were made on the ef 
fects of 1 cc, of pitressm injected intramuscularly 
on the blood flow the blood pressure and the pulse 


rate, Pitressm produced very little change m the 
pulse rate or the blood pressure the cliaractenstic 
effect being no change m the systolic and a slight 
elin'ation of the diastolic blood pressure. All the 
subjects became pale and usuaJly complained of 
abdominal cramps In 6 experiments on 4 sub- 
jects with the water bath at 43° C injection of 
pitressm produced a decrease m the average blood 
flow m the liand from 43 to 15 cc, in 2 subjects 
the a\eragc foot flow dropped from 16 to 6 cc 
In 6 expenments on 4 subjects tlie a\erage flow 
m the forearm decreased from 13 to 10 cc at the 
height of the pitressm effect m 1 case, how^^fr 
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Fig 5 Sijilltaneols Tracings Shouing Effect of Epinephrine, 1 cc of 1/1000 Solution Sun- 
CUTANEOUSLN, ON BlOOD FlOW IN THE FoREARM AT 20° C AND IN THE CaLF AT 31° C 
A Calibration in cubic centimeters, upper = forearm, lower = calf 
B Flow tracings before epinephrine 

C Flow tracings after epinephrine Forearm volume = 850 cc , calf 2025 cc 


no change occurred In the calf m 1 subject at 
43° C the flow decreased from 11 to 5 cc 
Studies were made at 43° C on the response 
of the vessels of the forearm muscles to 3-minute 
penods of exercise, before and after injection 
of pitressin After pitressin the resting forearm 
flow fell slightly, but after exerase it increased 
above the base line the same as before pitressin 
In spite of the drop in the forearm flow tire ves- 
sels of the muscles w'ere able to dilate normally 

DISCUSSION 

From these obsen^ations, the i^asomotor reac- 
tions m the forearm and the calf appear to be 
qualitatnely identical with those present m the 
hand and the foot The constnetor response de- 
senbed is mainl} or entirel} the result of changes 
m the Ncssels of the skin of the forearm and the 
calf The sensitnit}' of indmduals to N^somotor 
stimuli \-anes considerablj We have obsen'ed 
persons in whom powerful i-asoconstnction de- 
veloped even m the presence of vasodilatation 
induced bv local heat of 43° C Grant and Pear- 
son (5) state that thev obtained either an increase 
or no change m volume m the forearm and the 
calf follownng sensorv stimulation and that in no 
instance did thev elicit vasoconstnetor responses 


In their illustration of increase in volume follow- 
ing a sudden noise tlie room temperature was 13° 
and the temperature of the water bath 30° C 
Since our best constnetor responses were obtained 
m a warm room, the difference in room tempera- 
ture may account for their failure to obtain con- 
stnetor responses While our data suggest that 
the dilator responses are not the result of active 
vasodilatation, the responses m the syinpathecto- 
mized forearm and calf must be studied before 
final conclusions can be drawn Such a study W'lII 
require several subjects since under the condi- 
tions of our expenments several normal persons 
gwe no dilator responses 

In the majority of the subjects the vasomotor 
responses w'ere more easily obtained in the fore- 
arm than m the calf When vasoconstriction was 
produced in both organs the change m volume 
was usuall} greater m the forearm than m the 
calf Likewise, as shown by the greater blood 
flow at 43° C, the vessels of the forearm were 
able to dilate more widelv than those of the calf, 
and the v'cssels of the hand more widely than 
those of the foot This observation that the re- 
sponse of the v'essels of tlie forearm to various 
stimuli IS greater than the response in the calf 
is in accord with the observations of other ob- 
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servers that the blood vessels of the upper part 
of the body are more sensitive to both chemical 
and nervous stimuli than those of the lower ex 
tremiUes It has been shown that the flushmg 
of the skin produced by chemical agents, such as 
histamine (10) and acetylcholine (11) is greater 
in the upper part of the body likewise Elks 
and Weiss (12) m a study of the vasomotor re- 
actions m subjects with hemiplegia demonstrated 
that the disturbances of the vasomotor system pro- 


duced by the lesions m the central nervous system 
were much more marked m the upper than in the 
lower extremity They showed that edema oc- 
curred frequently m the paralyzed upper extrem 
ity, but only rarely m the paralyzed lower ex 
tremity and that it was the result of decreased 
peripheral resistance due to arteriolar dilatation 
This artenolar dilatation was much more marked m 
the paralj’zed upper than in the paralyzed lower 
extremity 



Fic 6. Errzcr or Pizzas, m 1 cc. Ixzzszni.^v ov Buxz, Fiznv m mz Hsxo 
Fobi:abm Foot and Calf at u 

Dctennawtlc^ on the band wzi forearm were made «nnltaneccrly *e calf znd foot 
rocaauremenU were from another nbject 
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The observations reported shoM clearlj that the 
peripheral blood floM in the extremibes ■s’anes 
Math the function of the tissue and that a stimulus 
that IS very effective m increasing the blood flow 
in one tissue may cause relatively httle response in 
another The blood flow" in the skin, particu- 
larly in the skin of the hands and feet, is regu- 
lated to a great degree by the need of the body 
to dissipate heat, and by heating the body the blood 
flow" can be increased many times above that re- 
qmred for metabolism of the tissues The blood 
flow in the muscles, however, is not directly con- 
cerned W"ith heat dissipation and is not greatly 
increased even by local heat Thus, heating the 
body or a part of the body appears pnmanly to 
dnve the blood to the skin, espeaally to that of 
the hands and the feet In contrast, exerase is 
a very effective stimulus for increasing the blood 
flow’ in the muscles, and the abihty of the vessels 
of the muscles to dilate m response to exerase is 
little influenced by external heat ranging from 
32 to 43° C 

The staking fall in blood flow in the hand 
and the foot after the subcutaneous administra- 
tion of 1 cc of epinephnne is in marked contrast 
to the moderate nse m flow m the forearm and the 
calf Since the vasomotor responses of the skin 
of the forearm and the calf seem to be in the 
same direction as the responses of the hand and 
the foot, it IS logical to assume that the epinephnne 
causes some degree of constaction in the vessels 
of the skm of the forearm and the calf If this 
IS true, relatively more blood flow’s through the 
muscles than is indicated by the increase in total 
forearm flow From these expenments it is im- 
possible to say that the vessels of the musdes 
actually dilated as a result of the local action of 
the drug The observed increases in flow might 
ha\e been the result of the increased cardiac out- 
put forang blood through vessels W’hose cahber 
had not changed However, Grant and Pearson 
(5) state that epinephnne given intravenously in 
amounts small enough to cause only a transient 
nse in pulse rate and but a sbght fall in sj’stolic 
pressure produces I’asodilatation in the forearm 
and the calf wath an increase in the blood flow' 
Moreover, Weiss (13) has shown that the car- 
diac output remains ele\ated even after the pulse 
rate and the blood pressure ha\e returned to 
normal, indicabng that the blood flow in at least 


some portions of the bodj must still be derated 
This rasodilatation maj be the result of the in- 
creased production of lactic aad from musdc 
glj cogen and of the increased basal metabolism 
induced by epinephnne, rather than a direct ac- 
tion of the drug on the lessels themselves It 
has been shown that, in man, after the intra- 
venous injection of small amounts of epinephnne 
the pulse rate and blood pressure return to normal 
much sooner than the blood lactic aad (14) A 
difference in the response of the vessels of the 
skin and musdes to body heating and to cpine- 
phnne has also been demonstrated by measure- 
ments of the local temperature It has been 
shown by the use of thermocouples (15) that the 
application of heat to the upper extremities pro- 
duces sinking elevation in the surface tempera- 
ture of the feet but has no effect on the tempera- 
ture of the leg musdes, and that following spinal 
anesthesia the temperature of the musdes re- 
mains unchanged while the temperature of the 
surface of the skin becomes devated Folloiving 
the injection of epinephnne a pronounced nse m 
musde temperature wth a staking fall in surface 
skin temperature was observed 
The effects of epinephnne, 1 cc of 1/1000 
solubon subcutaneously, and of pitressin, 1 cc 
intramuscularly, on the flow in the dilated hand 
and foot are quite similar, both cause a deaease 
in flow of about equal degree Their effects on 
the arculabon as a whole rmd on the blood flow 
m the musdes are quite different Epinephnne 
causes a wdl marked increase in pulse rate, sys- 
tohe pressure, pulse pressure, and minute output 
of the heart (16) , the diastohc pressure is low- 
ered Pitressin, on the other hand, causes little 
change in pulse rate or blood pressure and no 
change in minute output ( 16) These differences 
are sho\vn m the study of the penpheral blood 
flow in the forearm and the calf at 43° C , after 
epmephnne the flow increases and after pitressin 
it decreases The vessels of the skin of the hand 
and the foot bang equally sensitive to epinephnne 
and pitressin, it may be argued that the vessels 
of the skin of the forearm and the calf respond 
m the same way as those of the hand and the foot, 
though to a lesser degree , the decrease in the flow 
in the forearm and the calf at 43° C after pitres- 
sin bang due to vasoconstnction in the sKin and 
part of the increase in musdc flow after cpine- 
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phnne bang masked by a similar decrease m skin 
flow 

SUMMARY AND CONCLUSIONS 

1 Following Strong sensory stimuli such as 
pinching the skm until pain is caused or a sudden 
loud noise, the forearm and calf respond in three 
ways (J) by a decrease in volume after a latent 
penod of from 3 to 9 seconds (2) by an mcrcasc 
m volume after a latent penod usually not eac- 
cecdmg 2 seconds (3) by a biphasic response 
with first an mcrcase in volume with a short latent 
penod usually not exceeding 2 seconds, and sub- 
sequently a decrease m volume, 

2 Reasons are stated for the belief that the 
decrease in volume is the result of active reflex 
vasoconstnction, while the mcrcase m volume is 
the result of a transient mcrcase in cardiac output 
and a passive distension of the vascular bed 

3 The sensitivity of vasomotor responses vanes 
considerably m different persons Variations in 
the same individual have been observed from time 
to tune, 

4 The vessels of the upper part of the body 
are more sensitive to physical, chemical and nerv 
ous stimub than those of the lower part of the 
body 

5 The blood flow mduced by local heat of 43® 
C IS greater m the hand and foot than m the 
forearm and calf even when the mass of muscle 
present m the forearm and calf is disregarded and 
when the blood flow is recorded as cubic centi- 
meters per minute per 100 sq cm of surface area 

6 Local heat of 43® C produces nearly com- 
plete vasodilatation in the skm, but only relatively 
sbght vasodilatation m the underlying muscles 

7 Exercise is a very effective stimulus for pro- 
ducing vasodilatation m the muscles but not m 
the skm. The ability of the muscle vessels to 
dilate in response to exerase is not appreaably 
influenced by varying the ortcmal temperature 
between 32 and 43° C 

8 Epmephnne 1 cc, of 1/1000 solution sub- 
cutaneously, causes a marked decrease m blood 
flow m the hand and the foot and a moderate 
increase m the blood flow m the for earm and the 
calf both at 32 and at 43° C 

9 Pitressm, 1 cc, mtramuscularly causes as 
great a decrease m blood flow in the hand and the 
foot at 43° C as docs epmephnne At 43° C 


It causes a moderate decrease m flow m the fore- 
arm and calf 

10 Nather epmephnne nor pitressm interferes 
Avith the dilatation of the muscle vessels in re 
sponse to excrase or arterial occlusion 

11 The observation of Grant and Pearson (5) 
that unless the arculation to the hand is com- 
pletely obstructed the plethysmographic method 
of mcasunng blood flow to the forearm is not 
accurate imder all conditions has been confirmed 

This mvcstjgation was carried out with the technical 
assistaocc of Miss Sophia M Simmons 
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The bod> temperatures of the paUents \sere determmed 
bj means of a suitable resistance thermometer placed in 
the rectum. 

METHODS 

Investigations rvere earned on m the spcaal metabolic 
unit of the hospital. Sampling and analjses of food 
and excreta uere performed as previouslj desenbed (13), 
except for the follomng changes and additions Stools 
nere collected indinduallj in fared glass containers, a 
suitable amount of distilled water was added, and the mix- 
ture weighed and agitated with a mechamcal mixer until a 
umform suspension was obtained. Aliquots were then 
weighed into pjTex dishes, dned on a steam bath, and 
ashed m a muffle furnace between 500 and 600° C 

Potassium was detemuned by first preapitating it from 
a solution of the ash as potassium sodium cobaltinitnte. 
This precipitate w as then decomposed -with strong hydro- 
chloric aad and the potassium determined gravimetncally 
as chJoroplatinafe. Chlorine in urine, serum, and sweat 
was determmed by the method of Van Slyke and Sendroy 
(14), that m food and stools accordmg to the method 
of Bimer (15) The sodium content of serum was found 
by ashmg 2 or 3 ml of serum m a platmum dish. The 
ash was dissolved m dilute hydrochloric aad and trans- 
ferred to a 50 mk volumetric flask. Sodium free mag- 
nesia mixture was added to remove phosphates and the 
solution made to volume. The sodium was determmed 
m an aliquot of the filtrate by the method of Barber and 
Kolthoff (14) Carbon dioxide content of the serum was 
determmed by the method of Van Slyke and Neill (14) 
Serum solids were determmed by weighmg the serum 
m a covered weighmg bottle, drymg in an oven at 80° 
C, and dehjdratmg m a vacuum dessicator until weight 
was constant. 

Diets 

Patients F P and L H. received a hqmd formula 
made of milk, eggs, and sugar, orange juice was given 
separately Patients S B , and W D were gpven a 
formula made of powdered imlk, lactose, sucrose, malted 
milk, and wrater Thej also recaved graham crackers, 
tomato juice, and lemonade. 

All hqmd nounshments were made up m large quanti- 
ties Weighed aliquots were removed and saved for 
analjsis while the remamder was kept m a refngerator 
Constant daily rations were waghed out on a torsion 
balance sensitive to 0 02 gram. The calonc and protein 
contents of the diets were esbmated with due regard to 
size and age of the patients In 3 of the patients, slight 
losses of waght occurred on these diets In 2 of them, 
this loss lasted onlj for the first few dajs of the control 
periods 

Sodium chloride was given m the form of a solution 
measured with a volumetnc pipette. After drmkmg this 
solution from a small glass, the latter was rinsed several 
times w^th distilled water and the patient drank each 
rmsmg 

During the arbfiaal fever, the diets, as well as salt 
were withheld from S B and W D Instead, weak 
lemonade was given as tolerated. That taken b> S B 
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during the 2 dajs of fever contained 443 grams of enrbo- 
hjdrate, that taken bj W D contained 548 grams of 
carbohjdrate. Patient S B also received 165 ml of 
whiskey 

Fluid intake was kept constant durmg the control 
periods During fever it was mcrcascd to the amounts 
given in Table VIII 

Direct measurement of electrolytes lost through the skin 

An attempt was made to measure the normal loss of 
electrol>-te through the skin by havmg Patient L, H 
spend 24 hours lying in a radiant energy fever cabinet 
which was kept just warm enough for comfort. A de- 
crease m the urinary excretion of salt on the following 
da> seemed to point to an unusually large secretion of 
sweat during the day spent in the cabmet This finding, 
together with the restriction of normal activity and the 
considerable discomfort experienced by the subject, led 
us to abandon this procedure. 

Another method was adopted m the case of Patients 
S B and W D At the beginnmg of the day of obser- 
vation, the subjects were washed with soap and water 
and then with distilled water Pajamas and socks washed 
free of salt were worn for 24 hours Activity was rc- 
stneted to walkmg about the room The maximum tem- 
peratures of the latter are recorded m Table V Visible 
sweatmg was not present At the end of 24 hours, the 
clothing was removed and later thoroughly extracted with 
distilled water m a contmuous extractor until chloride 
free. The patients were agam washed in distilled water 
This bath water and the extracts of the clothing were 
concentrated and analysed. The amount of salt recov- 
ered was of the same order of magnitude (Table V) 
as that reported by others (16, 17) Determination of 
the electrolyte content of the sweat during fever was 
earned out m essentially the same manner Each patient 
was washed with soap and water and thoroughly nnsed 
with distilled water The mattress m the fever cabinet 
was covered with rubber sheetmg and the pillow with oil 
silk. Both had been thoroughly scrubbed with distilled 
water All cloths and towels used to wipe sweat off 
the face and head of the individuals had been previously 
extracted with distilled water, until the washings were 
chloride free. Sweat which gathered on the rubber 
sheet was siphoned mto a bottle. After the fever treat- 
ment, the patient as well as the rubber sheet and pillow 
were washed wnth distilled wrater The electrolytes were 
determined on the sweat which had been collected and 
the combined washings which had been evaporated to a 
small volume. 

Indirect estimates of electrolytes lost through the skin 

Indirect estimates of large losses of salt through the 
skm have been made by comparing the excretion of salt 
m the unne during control days with the urinary salt on 
da>s when sweating was excessive. The difference is 
presumably salt eliminated b> the skin Data published 
bj Dill, Jones, Edwards, and Oberg (18) show that 
under these conditions the secretion by the sweat glands 
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can perhaps be measured with faJr accuracy An ap- 
proximately correct average slon loss is, however, a 
difficult value to establish when iweatinff is at a minimum. 

The apparent retentions of lodittm, chloride and po- 
tassium as computed from analysis of diet urine, and 
feces are ordinarily very small Slight error s m the 
methods of analysis may be sufficient to caosc the sccrc 
tkm of sweat to appear to be considerably greater or 
smaller than is actually the case. Moreover changes in 
the volnmc of body water or in Its cooccntratioa of elec 
trolytes may be enough to obscure loss through the skin. 
In spite of these handicaps indirect estimates of loss of 
salt m sweat were attempted in Patients S B and W D 
Normal control days were selected. 

In the first instance these Included only a group of 
days on which changes m wdgbt cancelled each orlhcf 
The conccntrahoos of sodium and chloride in the serum 
were at a nearly constant level and It was assumed that 
changes Jn ekctroJyte ccoceatndca m other body fiufds 
would be at a minimum also Positive sodium and chlo- 
ride balances were taken as secretion from the skfai. 


Shn las 


Patieat 

IiKQnet rfttieate on dayt 
wbeo weiaht chajitet 
caftcdfed 

Fpnnd by direct 
determinsUoB 
oaariotieday 

Dan 

Nt 

a 

N4 

a 



«(•< 



nni 



t*rd4f 


P<ri»J 

fv4*y 

S B 

4-7 

m 

735 

237 

217 

W D 

3-8 

1 

330 

520 

69 

1 

83 


The differences between direct detenmnation and Indi 
rect estimate were considerable, but as the possibdity of 
analytical errors existed In each method and as measure- 
ment of a single days secretioo from the skm could 
hardly be expecled to give an average value, the result 
was not surprising 

In the second Instance all of the control days, both 
before and after fever were Included. Changes in 
weight and m nitrogen balance were taken Into account, 
and corrcctloQS were made for the differences m volume 
of cell water and extracellular fluid using the mtrogen 
balance method of Gamble ft aJ (19) The apparent 
kas throogh the aldn was smaller than by the first com 
potation. 

Shn lost 


Pitlest 

Indirect e»tlin*U with correctloiia tor 
altrogen b«binfT nod chants of wdsht 

D4y» 

Na 

a 



■r» per i*j 

auv. per iff 

S B 

13 1 

390 

563 

W D 

13 1 

79 

254 


Other combmitions of co n trol days and other methods 
were employed to make similar mdlrect estimates but 


the 2 examples which have been ated lilostrate the 
discrepancies which were encountered. 

The most conservative values for sldn losses were 
those found by the direct method. They have been cm 
ployed without further attempt at justifying their use 
in computing balances m Patients S B and W D Bal 
anccs for F P and L. H. do not include *Hn losses on 
control days. The onusnoo, however docs not seem to 
have had any important bearing on the validity of the 
data obtained during fever or in the penod of recajmy 

CltHtcal obserzKiticns during ftvtr 

Paltfnt F P female, age 44 Induction of fever was 
begun at 8 50 ajn., June 19 1935 After 80 minutes the 
temperature had reached 40J C where it was kept 
for 4 hoars The pulse rate was between 135 and 155 
per minute during the treatment The systolic blood 
pressure was 105 mm. Hg and the diastolic 80 mm, Hg 
at the beg rnnfn g It was not loilowed dar in g the fever 
but the pulse remained of good quality Her color was 
good and she perspired profusely during the entire treat- 
ment Toward the end of tbe treatment the complained 
of headache, backache, and abdominal pam. 

Patient L, H male, age 43 Induction of fever was 
begun at 9.50 am April 18 1935 The te mp er a ture 
reached 40i Cm3 hours and was kept at that level for 
4 hours without untoward effects The pulse rate was 
between 125 and 135 per minute during the fever The 
systolic blood pressure vaned between 80 and 100 mm. 
Hg tbe diastolic betp.^ecn 50 and 60 mm. Hg Sweating 
was profuse during the penod of mdnetion, less obvious 
thereafter 

Patient S B male, age 41 Induction of fever was 
begun at 9*00 ajn,, August 12^ 1936. In 70 minutes the 
temperature had reached 39i C, where it was kept for 
34 hours. During the first 4 hours his pulse rate was 
about 140 per rnfamte. Thereafter it decreased gradually 
and remained between 100 and 120 per minute Tbe sys- 
tolic blood pressure was 120 mm, Hg and the diastolic 
70 mm. at tbe beginning of treatracot During the fever 
the systolic pressure varied between 88 and 115 mm. Hg 
and the dlastoHc betwe en 50 and 70. After the first few 
hours tbe patient ivas saroewhat restless and slept inter 
mlttently his color was good at all times. Sweating 
was profuse during induction and the first 4 hours of 
the fever After the sixth boor visible sweating ceased. 
Begmmng with the eighth hour be complained of ab- 
dominal pam, localised about the umbilicus. This varied 
h intensity but gradually became more sev e r e until fever 
was discontinued. After the twenty fourth hour he com- 
plained of mild pam over the precocdium. This was 
bard to evaluate because of the patient s apprcfacnsiveneis. 

Patient fV D female, age 31 Indu^on of fever 
was begun at 8 30 asn., August 24 1936, After 100 ndn 
otes the tcroperature had reached 393 C, where It was 
kept for 48 hours Tbe patient was cheerful coopera 
trre, and not in tbe least upset during tbe treatment. 
She slept a good part of the time. At all times sweating 
was much less than was observed in the other patients. 
Her color was good throughout The systolic Wood 
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T\BLE I 


Balance data on Patient F P (Hospital Ko 7(55(52) June 16 to 23, 1935* 


Day 

\%dEht 
change I 

Sodinm 

Potassium 

Chloride 

Nitrogen 

Intake ' 

Balance 

Intake ' 

Balance 

Intake 

Balance ! 

Intake 

Balance 


cronw 


m^q 


m^q 

rt^q 

m^q 

TtiAtq 1 


irons 

trams 

1 

-460 

95 6 

-37 3 


66 8 

-26 2 

98 9 

-59 3 


8 71 

-1 51 

2 

-180 

94 4 

+ 153 


75 0 

+00 3 

98 9 

+8 7 


8 92 


3 

-30 

95 6 

+ 17 7 


77 6 

-11 2 

98 9 

+21 0 


9 23 


f 6 a m -3 p m 

-1370 

47 9 

-1043 

M 



1 48 7 

-128 3 



■HI 





1 

■ 74 0 

-5 7 



1 

. 8 95 


1 3 p m -6 a m 

+710 

47 9 

+46 9 

!J 



1 48 7 

+47 4 




5 

+580 

95 8 

+91 1 


71 3 

+20 0 

97 5 

+88 0 


8 93 

-3 61 

6 

+50 

95 8 

+74 0 


74 6 

+ 1 2 

97 5 

+55 0 


883 

-1 64 

7 

+80 

95 4 

+32 1 


74 6 

-13 3 

97 5 

+24 5 


8 76 

-1 25 


* Artificial fever 4th day Induction time 80 minutes, temperature maintained at 40 S°C for 4 hours, recovery time 
1 hour Imtial weight Ist day 54 560 kgm. Liquid diet 1300 calones 


pressure •\'aried from 88 to 100 mm Hg, the diastolic 
from %’alues too low to record to 70 mm Hg The pulse 
rate varied between 115 and 135 per minute during the 
first 8 hours of fe\er, thereafter it gradually became 
somewhat slower and during the last 20 hours it was 
between 100 and 110 per minute. 

PRESENTATION OF DATA 

The coniJensed balance data are recorded m Ta- 
bles I to IV The fecal excretions of nitrogen, 
potassium, sodium, and chlonde were included 
The latter two were almost negligible 


The losses of electrolytes during the fever pe- 
riods are summanzed in Table V Estimations 
are given of the fractions of total body electrolytes 
which these losses represent It was assumed that 
extracellular water was equal to 20 per cent of 
the weight of the body at the beginmng of fever 
and that sodium and chlonde were confined to 
this compartment m concentrations which could 
be denved from analysis of serum The percent- 
age of water in serum was found directly in Pa- 
tients F P and L H , in Patients S B and W D 


TABLE II 


Balatice data on Patient L H (Hospital No 100882) April 6 to 29, 1935* 


Day 

Weight 

change 

Sodium 

Potassium 

Chloride 

Nitrogen 

Intake 

Balance 

Intake 

Balance 

Intake 

Balance 

Intake 

Balance 


trams 


mxq 

m^q 

mxq 

m^q 

m^q 

troms 

trams 

1-10 

0 

111 7 

+1 8 

110 5 

-1 1 

1177 

+2 7 

12 99 

-0 IS 

11 

-380 

111 3 

-39 5 

109 7 

-79 

116 8 

-9 5 

12 67 

-0 34 

12 

+410 

111 3 

+ 159 

109 7 

-9 6 

116 8 

+12 1 

12 67 

-0 34 

f 7 AO a m -5 p m 

-850 

27 8 

-141 3 

1 



29 3 

-102 0 




13 




1 109 7 

-S3 i 





12 67 

+ 1 14 

is p m — 7 AO a m 

+550 

83 5 

+83 0 

j 



87 6 

+87 I 




14 

+440 

111 3 

+ 70 2 

109 7 

+ 13 7 

1168 

+71 8 

12 67 

-2 09 

15 

0 

111 3 

+29 5 

109 7 

-28 

116 8 

+20 0 

12 67 

+0 16 

16 

-180 

111 3 

+5 1 

109 7 

-0 1 

116 8 

+4 7 

12 67 

+0 12 

17 

-20 

111 3 

-0 9 

109 7 

+3 3 

116 8 

-6 9 

12 67 

-0 50 

IS 

-40 

111 3 

+ 1 2 

109 7 

-5 8 

1168 

-26 

12 67 

+0 12 

19 

-100 

111 3 

+9 6 

109 7 

+ 106 

116 8 

+6 2 

12 67 

-0 50 

20 

+ 10 

111 3 

+5 7 

109 7 

+6 4 

116 8 

+5 8 

12 67 

+0 27 

21 

+ 60 

111 3 

+8 3 

109 7 

+ 2 1 

116 8 

+7 2 

12 67 

—0 16 

22 

-60 

111 3 

— 89 

109 7 

+0 2 

116 8 

-6 5 

12 67 

—0 51 

23 

-140 

111 3 

-0 9 

109 7 

-15 1 

1168 

-0 6 

12 67 

-081 

24 

-40 

111 3 

-0 1 

109 7 

-0 6 

1168 

+0 6 

12 67 

-0 57 


* Artifiaal firver 13th da> Induction time 3 hours Temperature maintained at 40 5°C for 4 hours Recovery 
time li hours Initial weight first day 53 150 kgm Liquid diet 1875 (silonis Skin loss included m calculation ol 
balances on Da>'s 11 and 13 onl> 
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TABLE m 

Balanct daUi on Paiunt S B {HosptJal No 89130) 
AvtustS lo20 1936* 





Bodbim 


CUotUa 

HVtrotva. 

I>«T 


Id* 

BaI- 

1»- 

BaI- 

Iq- 

BaI- 

!»• 

BaI- 




tsk* 


!»• 

Uke 

AM 

tAk« 

Aoe« 

tak* 

AM 


remt 

wu^ 

fUf 

Mf 

mJf 


nJt 

grrmM 

r«« 

1 

- 

-too 

1104 

-63J) 

llXil 

4CTJ 

mn 

-684 

1043 

-040 

3 

-810 

110.4 

-4a4 

lOO 


133.0 

-MX 

1043 

+UI 

S 


-60 

iia4 


-UJ 

IILO 


mx 

-15J 

10X3 

44U0 

D«ar 


0 

110.4 

+06 

IIU 


mx 

+16X 

10X3 

-0.48 



sooo 

04 

-UQJ 

aoj 

-1504 

LO 

-3894 

ox 

-1340 

TboJ 












IS 

• 

-CTO 

iia4 

• 


lUX 

+IUI 

mo 

+1134 

10X1 

-1J7 

11 

• 

■m 

110.4 


•07 J1 

\\UQ 

4-m 

m.o 

-l-ULI 

10X1 

-3.T4 

u 


-Wl 

110.4 

■ 

■14J 

1U.0 


i»ft 

4-1034 

10X1 

-IXT 

11 


•310 

110.4 


-M7 

IILO 

-16J) 

mo 

+«ax 

10X1 

-1X1 

14 


-160 

1104 


m 

IILO 

+10J 

mx 

4-38J 

10X1 

-048 

U 


-w 

110.4 

+1U 

IUjO 

-10.0 

mx 

4-iox 

10X3 

-OJJ 


• Artlfiaal /ever — Days S and 9 Induct/on time 1 boar 
10 minutes, temperature maintained at 39,5 C for 34 
hours recovery time 1 hour 10 minutes Initial srelrfit, 
let day 62^40 kam. Liquid diet 2000 calories (Sldn 
losses as recorded m Table V were Included In the calcu 
latlons of the balances for both the control and febrile 
days) 

It was calculated from the serum protein concen 
tration by use of the formula developed by Eisen 
man, Mackenzie, and Peters (21) To obtain 
the concentrations of sodium and chloride in ex 
tracellular water, the values for serum water 
were corrected for the Gibbs-Donnan effect (22) 
by multiplying by the factors 055 and 1/055 re- 
spectively Fifty per cent of the body weight 
was taken as the weight of mtracellular water and 
the potassium concentration therem was consid- 
ered to be approximately equal to the sodium in 
extracellular fluid The values for sodium potas 
Slum and chlonde thus obtained were used m 
constructiDg Figures 1 and 2 which represent the 
daily changes m weight and electrolyte balances 
of Patients F P and S B 

It will be noticed that losses of sodium and 
chlonde through the skin vaned from 6 5 to 19 
per cent of the amount calculated to be m tlic 
extracellular flmd at the beginning of fever treat 
ment (Table V) 

It is well known that the ability to siveat vanes 
considerably in different individuals This is fl 
lustrated by the electrolyte losses of these paUents 
Patient W D was exposed to the same tempera 
hire as Pahent S B but for 8 hours longer In 
spite of this the electrolyte loss of the former by 
way of the sweat was only a frachon of the loss 
of the latter This difference was reflected in the 


clinical condition of the two pahents Pahent 
W D tolerated the fever in comfort while Pahent 
S B became imtable and complained of pains 
in the legs abdomen and chest 

Similar but less marked differences were found 
m the electrolyte losses of Pahents L H and 
F P Because of more prolonged induchon and 
recovery penods, the temperature of the former 
was elevated above normal for over 2 hours longer 
than that of Patient F P Nevertheless the loss 
through the skin was greater in the latter (Table 

V) 

The amount of salt S B excreted m the urme 
was quite small, and previous expenence leads us 
to beheve that this must have biin excreted dur- 
ing the first few hours Pahent W D on the 
other hand excreted slightly more in the unne 
than was lost through the skin m spite of practi- 
cally no mtake. The total loss of electrolyte from 
tlie body of these individuals was therefore, not 
dependent solely on skm loss (see Tables III, IV, 
and V) 

The electrolyte intakes of Pahents F P and 
L H. were kept the same dunng fever as on con 
trol days but were insuffiaent to offset the defiat 
of salt which developed because of stveahng (Ta 
bles I and 11) 

Correlalion between electrolyte and weight loss 
In each case except F P , the extracellular water 


TABLE iv 

BolcncsdaiaonPah^niW D (HospiUtlNo 118263) 
Auiusi 16 to 30 1936* 




Bodhna 

IVtaslin 

CUatUa 

Khnt«B 

DV 

■klAt* 

!]>■ 

BaI- 

Id* 

Bil* 

Td* 

Bt+ 

Id- 

BaI* 



tAka 

BBC* 

tiks 

AM 

Ukt 

AM 

tAkD 

AM 


frou 

MJf. 

tu*. 

mjq 



■Jf 

rwu 

frott 

1 

-310 

413 

-37X 

70,1 

-1.1 

433 

-3«J 

7.71 

-1X4 

3 

-100 

as 

-74 

704 

+6.1 

431 

4-0.4 

771 

-046 

8 

-310 

iXi 

-8.4 

»U 

-lOX 

47,0 

-IX 

7J1 

-LT8 

4 

+60 

as 

+SX 

inj 

+110 

47* 

4+.4 

7 71 

-049 

8 

+160 

a: 


«u 


4;.o 

+1L4 

TJl 

-0X0 

9 

- 10 

as 

±1:2 

su 

+17 

4/,t 

+6J 

771 

-141 

7 

+410 

SliX 

+70X 

•aa 

-lU 

3136 

+*14 

741 

-U3 


-410 

31 iX 

-14X 

Ml 

-1L4 

3136 

-SU 

771 

-1X8 

0+10 

-OM 

IX 

-166X 

ux 

-6AX 

U 

-1874 

044 

-lUl 


+» 

as 

+81X 

m 

+0.1 

471 

-h3L7 

741 

+1X0 












440 

414 

-I-3SJ 

CT4 


47.9 

-l-tM 

741 

-1X4 

14 

+CT0 

3I4X 

+113J 

su 

-4X 

3)6 6 

+1334 

741 

-144 

18 

-400 

414 

-88X 

634 

+84 

47J 

-49X 

7n 

-au 


• Artificial fever — Day* 9 and 10 Induction time 1 hoar 
and 40 nunnte* temperature maintained at 37.5 C, for 48 
boora, recoveiy time 1 hour Initial wei^t lat day 
45 030 krm Uqmd diet 1550 calorie*. (Sldn kwe* a* 
recorde^n Table V were incladed In the calculation* of 
the balan^ for both control and febrile day*.) 
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TABLE V 

Elcctrolyta during fccfr 


Patient 

Electrolrte 

Control period 

Fever period 

Rectal tcm 

1 perature 

Sldn 

l0!l 

Rectal tern 

1 pcrature 

Duration 

1 ol fever 

Skin loss 

1 

Net 

loss 

Skin loji 
ns per cent 
of amount 
In body 

i ^.Ctk»5l 
na percent 
of amount 
In body 


1 

o ^ 

1 ^ 

i per day 

n 

1 hours 

crams 






1 

36 5-37 

\ 

HTScB 

4 







Sodium 





2 992 

HITiIiM 

104 3 

SO 

70 

F P 

1 Chlonde 


1 



5 476 


128 0 

13 0 

no 


Potassium 

1 



BHHI 


0 361 



<1 0 




36 5-37 

■Ml 

405 

4 


1 

1 




Sodium 


MU 



2 510 

109 1 

141 3 

70 

85 

L H 

Chlonde 





3 525 

99 4 

102 0 

85 

85 


Potassium ^ 


mmi 



0 687 

17 6 


<1 0 




36 5-37* 


39 5 

36 







Sodium 


0 237 



7 611 

330 9 

350 2 

18 6 

19 8 

S B 

Chlonde 


0 217 



9 438 

265 9 

289 1 

19 0 

22 0 


Potassium 


0 220 



2 069 

51 5 

150 1 

1 0 

30 



36 5-37 1 


39 5 

48 

1 






Sodium 


0 069 



1 914 

83 0 

168 0 

66 

13 4 

W D 

Chlonde 


0 083 



2 505 

70 6 

157 5 

67 

ISO 


Potassium 


0 123 



1 141 

29 2 

68 6 

<10 

2 0 


• Maximum room temperature Dry bulb 78° F Wet bulb 68° F 
t Maximum room temperature Dry bulb 78“ F Wet bulb 64 F 


loss, if calculated from the losses of sodium or 
chloride and their concentration in the blood serum 
at the beginning of treatment, amounted to more 
than the loss of weight (Figure 1) If an esti- 
mate of the loss of potassium from intracellular 
water is included also, the expected loss of water 
IS far in excess of the actual decrease m weight 
In the case of S B , for example (Figure 1), the 
combined negative balances of sodium and potas- 
sium would account for a loss of 3 kilos, while 
only 2 lalos u ere lost This seeimng discrepancy 
IS accounted for b}" the gradual dilution of the 
electrol}'te remaimng in the body (Table VII) 
In Patient F P the actual u eight loss was 
greater than that calculated for the electrolyte 
loss, uhile the concentration of sodium and chlo- 
ride in serum water increased slightly (Figure 
2 and Table VII) The comparatively limited 
fluid intake of this patient appears to explain the 
difference m her response 

Se\ eral daj s u ere required to replace the defiat 
of sodium and chlonde In S B the retention 
lasted for 5 dajs In each case, positive balances 
were greater than the amount lost dunng the dajs 
of fe\er (Figures 1 and 2) This may be at- 


tnbuted to 1 of 3 causes, namely, analytical er- 
rors, greater electrolyte loss through the skin 
after fever than before, or increased storage after 
fever Considerable expenence with the methods 
which were employed leads us to conclude that 
analytical errors of this magnitude were unlikely 
We have no direct evidence for or against either 
of the other possibilities A labile vasomotor 
system after febnle illnesses is observed climcally 
Manery et al have found connective tissue to be 
nch in sodium and chlonde (23) , it is possible 
that the increased mobility of joints after fever 
may have favored its retention there 

Changes in the blood and body fluids The 
determinations of hematocnt, hemoglobin, serum 
proteins, and serum solids all point to moderate 
dehydration of the blood in 3 of the patients 
(Table Yl) This was most pronounced in 
F P , and, as prewously stated, seems to have 
been due to a rather low intake of water dunng the 
penod when her secretion of sweat was at a 
maximum In the fourth patient, W D , there 
was no evidence of hemoconcentration, probably 
because of a smaller and less rapid loss of water 
through the skin (Table VIII) In no case did 
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SODIUM BALANCE AS GRAMS OF EXTRACELLULAR WATER 


^WEIGHT 
SODIUM . 

■* 



SERUM SODIUM M.EQ7LITER ' 

= o ^ tb 


CHLORIDE BALANCE AS GRAMS OF EXTRACEH-LULAR WATER 


WEIGHT 


-573 'oCHLORipE, »' 



SERUM CHLORIDE M.Ea/LITER 
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SODIUM balamcc as grams or 




Fig Z Weight and EiicmtoLYTE Balances in 
Patient F P 

Sodium and chlonde balances arc plotted to represent 
extracellular -water, potassium to represent mtracellular 
trafer 


the anh}'dremia approach that found by Talbott 
(3, 4) m studies of heat cramps 
There \\ ere 3 instances m it hich the amount of 
sodium and chlonde lost tvas suffiaent to cause 
a defimte reduebon of the concentration of these 
substances in the blood serum (Tables VI and 
VII) The CO- content of the serum decreased 
also, but the decrease of sodium was greater in 
each case than the combined decreases of chlonde 
and carbon dioxide This was to be expected 


TABLE 


Blood changes assocsaled mth arlifiaal ferer 


tient 

F P 

Day 

Rcaarta 

SeroD 

Whole blood 

s<>- 

dima 

Chlo- 

ride 

COi 

conttt' 

SoL 

idi 

rh>- 

tcia 

ITeinch 

ploUn 

n«aa- 

tooit 

;( 

7 

Control 
Briorefffvtr 
After ferer 

nAj 

Uut 
USD 
1410 
1410 
13S.0 
139 0 

mjt} 
per 
htfT 
100 0 
1000 
100 0 
990 
99S 

iruV 

ccnlfrs 

tmel 

97 

96 

112 

96 

8.0 

cmi 

ynmi 

ro- 

100 lO. 
12.0 

14 0 

1167 

1145 

ro- 

«nl 

402 

410 

45.0 

382 

374 


3 

Control 


93J 

312 






7 

Control 


102J 

302 

82 

62 

14 43 

4^7 


10 

Control 




82 


14J7 


L. H. 


Before ievtr 


1010 

292 

8.8 

62 

14.M 

45,7 


A 

After fever 


93A 

242 

92 

65 

1500 

472 


14 



OSS 

288 

84 


14 61 

412 


20 



98.7 

294 

82 

01 




1 

Control 


103J 

282 






2 

Control 

1414 

102.0 

304 


6.4 


44 4 


4 

Control 

1410 

lOLO 

302 




440 


6 

Control 

1410 

1016 

30 7 






7 

Control 

142,0 

lOlS 

302 




442 

&B 

f 

Before fever 

142.1 

JOU 

307 


6.44 


43 7 


8+9| 

DxiriaK fever 

I29S 

992 

252 


714 


44^ 



Aftefmr 

1251 

99.1 

24 9 






10 


127 0 

956 

279 


700 


450 


11 


130 0 

982 

282 






13 


1410 

1012 





394 


IS 



194 0 

28.1 




882 


2 

Control 

136.0 

1012 





33.0 


A 

Control 

13Sn 

194 8 

251 


6 70 


391 


9 

Before fever 

13S.0 

104 6 

26 4 


620 


38 0 


10 

Alto fnrtr 

1300 

1032 

242 


6.48 


36.0 

W D 

11 


132 0 

994 

26.6 






12 


1340 

1002 





340 


13 


1370 

1012 



620 




IS 


13S0 

1032 

28.4 




352 


TABLE -Vll 

Changes tn concenlratum of electrolytes tn serum water 
associated with artificial fever 


Patient 

Remarks 

Water 

In 

ecrum 

Concentration in 
eenira water 

Nn 

a 

CO, 

1 

1 

F P 

Before fever 

After fever j 

per cent 
by 

Tolume 

92 9 
91 2 

mej 

fer 

tiler 

ISl 7 
154 6 

mAj 

per 

liter 

107 6 
109 6 1 

tnxq 

ftTer 

L H 

Before fever 

After fever 

93 8 1 
93 6 

i 

106 5 
105 2 

314 

26 5 

S B 

Before fever 

After 24 hours of fever 
Af ter 36 hours of fe\ er 

93 7 
93 2 
93 2 

154 7 
138 9 
134 2 

108 3 
106 4 
103 1 

32 7 

27 1 

26 7 

W D 

Before fever 

After 24 hours of fever 
After 48 hours of fever 

93 7 
93 7 
93 6 

147 0 
139 0 
1410 

111 8 
1104 
106 0 

2S2 

26 2 

28 4 


Since the net losses of sodium were considerably 
in excess of the net losses of chlonde (see fever 
days Table V) 

Of the 2 subjects nnth mild symptoms resem- 
bling heat cramps, 1 (F P ) concentrated serum 
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TABLE VUI 

Losses of ssxiter Ihrouik skin and lsstt[s 


Pttkot 

AYtimte ooTTOl dBrj 

Dar or dan ot tmr 

Intake 

BUn 

aad 

htttp 

Is taka 

SUn 

and 

Inrtfe 

Inereaaa 
orer nor 
ctal day 


fwmi 

tr*ms 


gramj 

(mu 



fi*r dty 

P*rd*y 

ttrdsy 

P^r in 

F P 

3550 

860 

3550 

3340 

2480 

L.H 

3770 

1135 

4770 

4385 

3250 

S B 

3288 

1180 

4543 

5085 

3905 

delaV 

2B16 

882 

4683 

2423 

1541 


electrolytes m the other (SB) the loss of salt 
led to a decrease m concentration A consider- 
able disturbance of water balance occurred in each 
subject and was probably a more potent factor 
in the causahon of symptoms than the change in 
concentration of electrolytes 

Compositton of sweat The concentration of 
electrolytes m sweat is known to vary consider- 
ably (1) Wide vanations m the proportions of 
different ions to one another as found in Table 
V are m accord with the work of McSwiney (24), 
who found the pH of sweat to vary from S 1 to 
776 Fisbberg and Bierman (25) found large 
amounts of lactic aad m the sweat during hyper- 
thermia. This may have been responsible for 
the excess of fixed base over chlonde lost through 
the skm by 3 of our patients 
By usmg the data m Tables V and VUI and 
assuinmg a loss of 400 to SOO ml of water from 
the lungs one can derive an approximation of 
the average concentration of the sweat on the days 
of fever The level of sodium ranged from 20 
m eq per hter in W D to 45 m eq per liter m 
F P the range of chlonde was from 18 m eq 
in the former to 53 m.eq m the latter The con 
centration of potassium vaned between 3 and 7 
m eq per hter Dill (1) has reviewed factors in- 
fluencing the ability to form concentrated or dilute 
sweats. Among these is mentioned the possi 
bflity that a more dilute sweat is secreted when 
the level of salt m the blood falls below normal 
The converse of this may have been true m F P , 
who was the only subject to mcrease the concen 
tration of electrolyte in serum water dunng fever 
(Table VII) 

Comssseiil Although the condiUons which led 
to the losses of vannble amounts of ivater and 
electrolytes m the 4 subjects differed from one 


another there was suffiaent similanty beta een the 
duration and height of fever in F P and L H 
and in S B and W D to permit companson 
and to bnng out clearly the marked individual 
differences m thar responses The first two pa- 
tients had short fevers and their net salt deficits 
were of the order of 10 per cent of the amount 
computed to have been present in the body at the 
beginnmg of treatment Both tolerated the fever 
well Net salt deficits m the 2 patients who were 
treated for longer periods were greater, but were 
hardly as large as one might have expected on 
the basis of the shorter fevers Two explana 
tions may account for the latter observation , (a) 
a loiver body temperature was maintamed during 
the longer fevers, (6) there was a fairly defimte 
tendency for sweating to decrease when fever was 
prolonged beyond 3 or 4 hours. 

There can be but httle question that loss of 
extracellular flmd represented the chief and most 
important contribution from the body water The 
reservoirs of extracellular water which were 
drawn upon are not known Probably all of the 
tissues contributed water and salt, but it is un 
likely that the quantities of fluid liberated were 
strictly proportional to the imbal amount present 
m the tissue Selective dehydration if it affected 
the blood plasma more than other tissues as ap- 
peared to be the case in some of Gibson’s sub- 
jects might prove an embarrassment to the arcu- 
lation. That selective dehydration may take place 
IS apparent from the acute terminal experiments 
of Yannet and Darrow (26) who found that hy- 
perthermia caused dehydrabon of the cells of the 
the brams of cats. The reachons of this par- 
bcular animal and man to high temperatures are 
hardly comparable, ilan sweats profusely the 
cat almost none (27), so that the possibihty of 
loss of water is much greater m the former 
Other tissues beside the brain and blood must be 
affected Of these the Irver is certamly under 
suspraon for a low grade of jaundice is one of 
the compheabons of fever therapy (28) 

Our experiments give httle informabon with 
respect to the effect of hyperthermia on cell 
water The potassium and nitrogen balances of 
the patients who were treated with 4-hour fevers 
and received their usual diets on the day of 
treatment were nearly the same as on control days 
Appreciable losses of jictassinm and mtrogen were 
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encountered dunng the 36 and 4S-hour fc\ ers but 
Ycre probablj assoaated wth catabolism of pro- 
tein, as neitlier subject had e\en an approximate!) 
adequate calonc intake dunng these penods In 
both the latter instances potassium seems to ha\e 
been excreted without its full complement of cell 
water since sodium and chlonde losses were nearl) 
suffiaent to account for the decrease in weight 
of the body As with other electrol)'tes, loss of 
potassium was made good promptly on the da)s 
subsequent to fever 

Alk-alosis has been reported in artifiaal fever 
(29, 30) According to Danielson ct al (29), 
the pH of the serum was highest at the end of 
the penod of induction and tended to fall some- 
what as fever was prolonged The alkalosis 
seemed to depend upon hyperventilation which 
brought about a pnmary carbon dioxide defiat 
With h)'perthermia lasting for 2 hours or more, 
there w’as a fall m the level of total base in serum 
and a decrease in BHCO, and BCl which together 
exceeded the decrease m base 

In our patients the electrol}'te pattern of the 
u ood serum reflected the net losses dunng fever 
The sodium concentration of the serum decreased 
more tlian the sum of the decreases in bicarbonate 
and clilonde and suggested a pnmary base defiat 
It IS possible, however, that increases in other 
cations may have offset the losses of sodium 

Proper preparation of the patient directed to- 
ward insunng normal hydration and electrolyte 
content of the body, and replacement of water and 
salt dunng the exposure to high temperature 
should, in a great measure, pre\ent development 
of s)mptoms of dehydration and electrol)i:e loss 
Storage of extra salt before fever in healthy indi- 
viduals probably can not be accomphshed m ap- 
preaable amounts unless \ ery large quantities are 
gi\en or there has been previous depletion Pa- 
tient W D was given 20 grams of additional 
sodium chlonde for 2 da)s before fever and re- 
tained about 3 3 grams (56 S m eq of Na and 
57 8 meq of Q) , however, she had prevnously 
been on the relativ ely low salt mtake of 2 5 grams 
per da) \\’hen Baird and Haldane (31) ad- 
mimstered sodium chlonde to health) individuals 
in excess of their abilit) to excrete it (35 to 40 
grams given dunng 2 hours) vnsible edema was 
produced and lasted for 8 to 24 hours WTiile 
no information is available concerning the extent 


to which tiie plasma volume is increased dunng 
sucli expansion of extracellular fluid, the findings 
of McQuarne ct al (32) suggest that this mi) 
be quite large. These investigators found that 
when high salt feedings were continued several 
da)s marked elevations of blood pressure were 
produced Such effects would be undesirable in 
patients with myocardial impairment 
The variations which charactenze the individual 
patient’s ability to excrete water and electrolytes 
make it difficult to state within fairly wide limits 
the individual’s requirements during fever Gib- 
son and Kopp (8) have shown that the greatest 
shrinkage in the serum volume occurs dunng the 
nse and first hour of fever, and this is the penod 
of most marked sw'eating The magnitude of tlus 
defiat IS probably influenced by the method of 
induction of fever, as well as the constitution of 
the patient (physical and mental status), previous 
food and water intake, individual differences in 
the activity of the sweat glands, and probably 
other factors The losses through the skin are 
extensive enough in some cases to bnng on a large 
defiat of salt and water The kidneys then cease 
to produce unne Other data (not included here) 
indicate that moderate sweating can continue dur- 
ing artifiaal fever only in the presence of adequate 
hydration of the body Under such arcumstances 
the kidneys continue to form unne Cessation 
of sweating is a danger signal which should never 
be disregarded Its significance as an indication 
of defiaent fluid and sodium chlonde is well illus- 
trated m one of the reported cases (S B ) who 
showed the greatest losses His physical status 
appeared unsatisfactory dunng treatment For 
this reason fever was stopped 12 hours sooner 
than had been the onginal intention Patient 
W D , on tlie other hand, who had a smaller net 
loss of salt wnthstood a longer period of treatment 
m comparative comfort Continued moderate 
sweating and the output of small quantities of 
unne ever)' few hours seem to be good clinical 
guides and indicate the presence of adequate fluid 
and electrolytes 

SUMMARY 

Electrol)'te balances were measured before, dur- 
ing, and after artifiaal fever maintamed at com- 
paratively low levels (39 5° C and 40 5° C ) 
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Skm losses were measured on a control day 
and during the fever 

The slan losses of sodium and chlonde durmg 
fever represented from 7 to 19 per cent and the 
net losses from 7 to 22 per cent of the amount 
estimated to be m the extracellular water at the 
beginning of treatment 

Differences m the losses through the skm were 
dependent largely upon vanations m abihty of 
the mdividual to sweat 

At the end of fever there was evidence of slight 
anhydrcmia. 

Three patients lost more sodium than chlonde, 
one patient more chlonde than sodium m the 
sweat 

In 3 of the patients the concentration of sodium, 
chlonde, and carbon dioxide of the serum water 
were decreased m one they were mcreased 

The 2 patients showmg the greatest losses of 
water developed symptoms which resembled heat 
cramps 

Adequate storage beforehand, and replacement 
dunng treatment, particularly of sodium chlonde 
and water, is necessary to prevent the development 
of symptoms of dehydrahon, 
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The ablation of any considerable portion of a 
vitally functioning organ nnmediately raises the 
question of a reduction m functional capaaty 
With respect to the removal of one or more lob^ 
of the lung one may ask first, what are the im- 
mediate and remote effects on the total lung vol- 
ume and Its component parts , second, what 
changes occur in the hemorespiratory exchange, 
and how long do they persist? 

Lihenthal (1) antiapatcd the first question m 
1926 when he pubhshed reports on the vital ca 
paaty m 11 patients who had been subjected to 
partial lobectomy Although he had no preopera 
tive control observations he found, following op- 
eration, that the vital capaaty ranged from 30 to 
100 per cent of the theoretical mmimal normal 
for the individual, and indicated that children 
showed a more faaJe return toward normal values 
Heuer and Andrus (2) were the first to report 
a study of hemorespiratory adjustments follow 
ing experimental pneumonectomy Dogs studied 
under resting conditions after removal of one 
entire lung showed an mcrease m alveolar CO, 
lasting an average of 30 days, a shght increase 
m blood CO, lasting 25 days a fall m alveolar 
oxygen tension for 28 to 66 days and decrease in 
blood oxygen content up to the 11th day, return 
mg to normal 1^ the 30th day 
Longacre, Carter and Quill (3) have more 
recently modified and expanded these observa 
tions to include a study of the response to exercise 
in dogs before and after cxasion of the left lung 
They have demonstrated that disturbances may 
persist for as long as five months (at least) after 
operation, as reflected in elevation of temperature 
and pulse rate partial oxygen unsaturation of the 
arterial blood and dimimshed tolerance to an- 
oxeima, these effects were present even though 
the measured subtidal lung volume in some am 
mals had returned to the preoperatrve level dur- 


mg this tune Derangements of this same type 
may occur with removal of one or two lobes but 
should be significantly less severe both as to dc 
gree or duration than when an entire lung is 
removed 

Our treatment of a group of patients with bron- 
chiectasis and chrome lung abscess by lobectomy 
has afforded us the opportumty to study changes 
m the components of the lung volume picture by 
the determination of preoperative le\els and then 
repetition of observations over long penods of 
time after operation Five of our fourteen op- 
erative cases have seemed suitable for this study 
The others were not utilized because of various 
undesirable preoperative situations, such as pre- 
vious deforming operations on the chest wall open 
bronchial fistulae, overwhelming cough and ex 
pectoration and too recent recovery from hemor- 
rhage and pneunaoma 

DEnNmONS 

SnbtuJal volume (functional residual) The air 
content of the respiratory tract at the conclusion 
of a normal (tidal) expiration 

Vital capacity The volume of air expired from 
the maximal inspiratory level to the maximal ex- 
piratory level 

Complementary axr The volume of air inspired 
from the level of normal inspiration to the maxi 
mal inspiratory level 

Supplementary or reserve air The volume of 
air expired from the resting expiratory level to 
the maximal expiratory level 

Mean tidal atr The average volume of air in- 
spired or expired between the normal inspiratory 
and expiratory levels 

Total volume The air content of the respira 
tory tract at the maxiraal inspiratory level (that 
is the sum of the corapleracntary mean tidal and 
subhdal air) 

METHODS 


1 Aided by a grant from the Fhud Research Ftmds of Patlenls were studied dther m the fasting slate or 
the Yale Umversity School of Medicine. several boors after the last meal in the supine horirontal 
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The ablahon of any considerable portion of a 
vitally functioning organ immediately raises the 
question of a reduction in functional capacity 
Wth respect to the removal of one or more lobes 
of the lung, one may ask, first, ivhat are the im- 
mediate and remote effects on the total lung vol 
ume and its component parts , second what 
changes occur m the hemorespiratory exchange 
and how long do they persist? 

Lihenthal (1) anhapated the first question m 
1926 -when he pubhshcd reports on the vital ca- 
pacity in 11 patients who had been subjected to 
partial lobectomy Although he had no preopeia 
tive control observations, he found, following op- 
eration, that the vital capaaty ranged from 30 to 
100 per cent of the theoretical mimmal normal 
for the individual, and indicated that children 
showed a more faale return toward normal values 
Heuer and Andrus (2) were the first to report 
a study of hemorespiratory adjustments follow 
mg experimental pneumonectomy Dogs studied 
under reilmg conditions after removal of one 
entire lung showed an mcrease in alveolar CO, 
lastmg an average of 30 days, a shght mcrease 
m blood CO, lasting 25 days, a fall in alveolar 
oxygen tension for 28 to 66 days, and decrease in 
blood oxygen content up to the 1 1th day, return 
ing to normal by the 30th day 
Longacre, Carter, and Quill (3) have more 
recently modified and expanded these observa 
hona to mclude a study of the response to exercise 
in dogs before and after excision of the left lung 
They have demonstrated that disturbances may 
persist for as long as five months (at least) after 
ojieration, as reflected in elevation of temperature 
and pulse rate partial oxygen unsaturation of the 
aitenal blood, and dimimshed tolerance to an 
oxenua, these effects were present even though 
the measured subtidal lung volume m some am 
mals had returned to the preoperative level dur- 

1 Aided by a grant from the Fluid Research Funds of 
the Yale Universitv School of Medicme. 


mg this time. Derangements of this same type 
may occur with removal of one or two lobes but 
should be significantly less severe both as to de- 
gree or duration than when an entire lung is 
removed. 

Our treatment of a group of patients with bron 
chiectasis and chronic lung abscess by lobectomy 
has afforded us the opportimity to study changes 
in the components of the lung volume picture by 
the determination of preoperahve levels and then 
repetition of observations over long periods of 
time after operahon. Five of our fourteen op- 
erative cases have seemed suitable for this study 
The others were not ublired because of vanous 
undesirable preoperahve situahons, such as pre- 
vious deforming operaUons on the chest wall open 
bronchial fistulae overwhelming cough and ex- 
pectorahon, and too recent recovery from hemor- 
rhage and pneumonia. 

DEHNITIONS 

Subtidal volume (funchonal residual) The air 
content of the respiratory tract at the conclusion 
of a normal (tidal) cxpirahon 

Vital capacity The volume of air expired from 
the maximal inspiratory level to the maximal ex- 
piratory level. 

Complementary air The volume of air inspired 
from the level of normal mspirahon to the maxi- 
mal inspiratory level 

Supplementary or reserve air The volume of 
air expired from the reshng expiratory level to 
the maximal expiratory level 

Afcan tidal air The average volume of air in- 
spired or expired between the normal inspiratory 
and expiratory levels 

Total volume The air content of the respira- 
tory tract at the maximal inspiratory level (that 
IS the sum of the complementary, mean tidal, and 
subtidal air) 

METHODS 

Patients were studied cither In the fastuig state or 
several hours after the last meal m the supine horisontal 
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position, the head resting on one pillow All restraining 
clothing H'as removed and the arms laid parallel to the 
sides The components of the vital capacitj cune were 
determined in the well known manner -with a Roth-Bene- 
dict recording spirometer The subtidal volume was de- 
termined bj the techmc of Christie (4) This method 
depends on the dilution of aUeolar nitrogen in the sub- 
ject’s lung bj a controlled volume of oxjgen rcbreathed 
for fiv e to sev cn mmutes in a gas-tight spirometer sj stem 
of calibrated dead space, A detemunation of the nitro- 
gen percentage m the mixed spirometer gas sample at 
the end of a breathing penod permits the calculation of 
the subtidal volume. The patients were studied preop- 
crativel>, and postoperatively after anj existmg bronchial 
fistulae had closed. The wound was usually healed and 
the pulmonary fields were clear by roentgenograms 

PROTOCOLS 

A summary of the live cases is presented. 

Case 1 Patient, W D , age 26, white male, Italian- 
Amencan laborer (Table I) 


TABLE I 

Case 1 (Patient W D ) Bronchtectasts Right lower 
lobectomy (one stage) * 


September 24, 1936 

Sub 

Udal 

vol- 

ume 

Vital 

capac- 

ity 

Re 

serve 

air 

Mean 

tidal 

air 

Com 
pie- 
men 
tary 
air 1 

Total 

vol 

ume 

1650 

1910 

260 

530 

1120 

3300 

December 5, 1936 

1910 

1810 

430 

540 

840 

3290 

September 24, 1937 

1660 

2230 

410 

510 

1310 

3480 

December 22, 1937 

1640 

1970 

360 

580 

1030 

3250 


* Date of lobectomy — October 8, 1936 


Illness began in January, 1934, wnth cough, expectora- 
tion, chills and fever, subsiding m a few weeks so that 
he was able to return to work Cough recurred, however, 
and m May, 1934, a roentgenogram showed an mfiltra- 
tion of the right lower lobe at its apex. Shortly, he was 
admitted to a sanatorium where he expectorated 250 to 
275 cc. of purulent sputum daily, negative for acid-fast 
organisms on direct smear but occasionally positive on 
concentration Bronchoscopic examination revealed an 
ulcerating, granulatmg lesion of the nght lower lobe 
bronchus which was biopsied and a report of chronic 
non-tuberculous mfection made. A right pneumothorax 
was begun in June, 1934 Despite the continued pneumo- 
thorax and a nght temporarv phremc nerve paralysis 
performed in December, 1934, he continued to have daily 
fever, the expectoration of large quantities of foul-smell- 
mg sputum, chest pain, and hemoptyses until his admis- 
sion to the New Haven Hospital on September 14, 1936 
At that time six sputum examinations and one guinea pig 
moculation were negative for acid-fast organisms An- 
other bronchoscopic examination revealed no specific pa- 
thology m the right lower lobe from which pus was 
constantlv exuding An mjection of lipiodol into this 


lobe showed a saccular dilatation of the medial bronchi 
in the posterior portion of the lobe and a collection of 
the lipiodol in two definite cavities On October 8, 1936 
under intratracheal cyclopropane anesthesia a densely ad 
herent lower lobe was removed The remaining cavity 
was drained by an intercostal catheter in the 9th space 
He was discharged on the 61st postoperative day afebrile 
and free of sputum. At present, he appears to be in 
excellent condition, weighs between 180 to 190 lbs, has 
an excellent appetite, no cough or sputum except with 
an occasional head cold Chest wound is well healed, 
and he has been w orkmg Pathological diagnosis bron- 
chiectasis, no evidence of tuberculosis 
Case 2 Patient, G H , age 16, white, male, American 
schoolboy (Table II) 

TABLE II 


Case 2 (Patient G H ) Bronchiectasis Left lower lobectomy 
(two stages) * 



Snb 

tidal 

volume 

Vital 

capac 

ity 

Re 
terve 
oJr 1 

Mean 

tidal 

air 

Com 

pie- 

men 

tarj 

air 

Total 

vol 

ume 

Apnl 23, 1937 

2410 

±10 

1930 

300 

560 

1070 

4040 

September 10, 1937 

2900 

±80 

2880 

540 

560 

1780 

5240 

December IS, 1937 

3210 

±120 

3190 

570 

600 

2020 

5830 

October 18, 1938 

3910 

±110 

3550 

720 

660 

2170 

6740 


* Date of first stage May 11, 1937 Date of lobectomy 
(left lower) June 15, 1937 


In August, 1936, while vacationing at the seashore he 
caught a cold and for about a week had a non-productive 
cough with pam m the mid-chest region Following 
chills and fever, he was admitted to a hospital where a 
diagnosis of pneumonia was made He began to have 
night sweats and gradually increasmg amounts of sputum 
which became quite thick and cvil-smclling After four 
weeks in the hospital he went home but his sputum con- 
tinued to mcrease and became more foul Postural dram- 
age and supportive measures did not improve his condi- 
tion, and he lost 20 poimds m weight Two paternal 
uncles died of pulmonary tuberculosis, but there was no 
contact with the patient 

He was admitted to the New Haven Hospital on No- 
vember 19, 1936, acutely ill Sputum output ran as high 
as 230 grams daily His temperature and white count 
were elevated. A roentgen examination of the chest 
revealed atelectasis and pneumoma m the left lower lobe 
The tuberculin test was negative to 0 1 mgm., and the 
sputum was negative for aad-fast organisms A lipiodol 
exammation revealed a saccular bronchiectasis of the left 
lower lobe and a normal right bronchial tree. After 
bronchoscopic treatment the patient began to improve 
A left artifiaal pneumothorax was carried on for three 
months preparatory to an operative exploration, and the 
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patjent was discharged borne to conralesce. He retonied 
In April 1937 after a fairly good winter with low-grade 
fever incrcating jpotrnn. and loii of ilx pounds In 
weight On May II 1937, a first stage lobectomy was 
done. The spntutn, output showed a reroaricable famne 
date and pcnnaiient Improvement On June 15 five 
weeks after the first operation the wound waa re-opened, 
and the lower lobe was easily excised. The convalescence 
was uncomplicated. The chest wound healed per pnmam 
The drainage tube was removed from the <i>est on the 
27tb day There was never clmical endeoce of a bron 
dual fistula. A roentgenogram of the chert on July 14 
showed a clearing of the left lung field with compen- 
satory enlargement of the left upper lobe. The patient 
was discharged on the 32d portoperatlve day 
Sections of the excised lobe revealed many dHated, 
saccular thin walled bronchicctabc channels with but 
little iDTolrement of the sinroandmg hmg parenchyma. 

The patient is now entirely symptom free and has 
returned to his high school dosses taking part m all 
acdvities mdadmg gynmasdci 
Core 3 Patient E. M., age 22, white, female, Amcri 
can (Table HI) 


TABLE III 

Case 3 (Patseni E, IS ) Bronckieeiasis Left lover 
Icbeetomy (two slaie) * 



TUl 

aoK 

VIUl 

cipac 

ity 

Re- 

•err* 

tlr 

Mete 

tlr 

Com 

pie- 

me»* 

urr 

sir 

Teul 

Qsie 

May 12 1937 

2970, 

2560, 

590 

540 

1430 

4940 

September 17 1937 
December 8, 1937 
April 19 1938 

Ortober 12 1938 

3010 

2SS0 

3250 

3550 

2480 

2660 

2830' 

28001 

780 

720 

740 

700 

540 

560 

600 

570 

1160 

1380 

1490 

1530 

4710 

4820 

5340 

5650 

! 


• Date of first stage May 14 1937 Date of lobectomy 
July 2 1937 


pane anesthesia a first stage operation was performed, the 
pleural surfaces being free of adhesions The patient 
made a smooth convalescence and returned home to rest 
between stages. She returned on Jtme 29 1937 following 
a very severe hemoptysis, approximating one cupful o! 
fresh blood. On July 2, the left chest was rc-opened 
through the healed wound with an additional resection 
of the 7th rib and the left lower lobe was removed. The 
chest was drained by means of an intercostal tobe. The 
patient made an excellent convalescence. Evidence of a 
small broochoplcural fistula was present from about the 
ISth to the 21flt day Sputum was absent entirely after 
the 24th day and the patient was discharged home in 
six weeks 

She has gained m weight, has had no further sputum 
or blood-streaktng and cough fa only occasionally present 
when aisocated with a maxillary sinusitis for which she 
has smee submitted to a s ub m u c ^ resection without any 
chest complications. 

Cose 4 Patient, G R., age 16 white, Italian Ameri 
can male (Table IV) 


TABLE rv 

Case 4 (Paiteni G R.) BUaJerai broiukudasU Bi- 
lobedomy (rlthi middle and tower lobes) * 
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capac- 

ity 
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■err* 

air 
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Total 
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September 11 1937 

2100 

sklO 

1160 

210 

460 

490 

3030 

January 5 1938 

2090 
4- 80 

1360 

380 

460 

520 

3070 

M«y23 1938 

1930 

±40 

1730 

450 

480 

800 

3210 

October n 1938 

2360 

±90 

1910 

490 

520 

900 

3780 


• Date of operation — September 14 1937 


At the age of two the patient bad mfantile paralysis 
which left her with both legs fiacad. At ten she began 
to have nasal discharge, chrome cough, and fpetum. At 
12 she had whoopmg cough, following which her cough 
was always much worse and about three times a day 
she raised a half capful of thick pornlcnt malodorous 
sputum. The patient s father was said to have a cbroojc 
pulmonary lesion diagnosed as tuberculosis. 

She was admitted to the New Haven Hospital oo 
March 29 1937 She presented slight dultoess and sup' 
presilon of breath sounds at the left base posteriorly 
with fine moist riles There was no cltAbtng or eyvKsu 
of the finger tips A lipiodol examination of the r^t 
and left lower lobes was carried out, and showed a l^on 

chiectatic difatabon of the left lower lobe broocbi. Spu 

tom was repeatedly negative for aad fast orgamsi^ A 
senes of eight bronchoscopic dramiges 'was cam 
without any uapr o r eme nt to the cough ® 

sputum which approximated 30 to 50 ^ 

May 14 1937 under avertto and Intratracheal cyclop-o- 


At the age of two years the patient had diphtheria 
followed by bilateral brondiopncumonlaL. He developed 
a right eraps-ena wWch was treated by thor a cotom y at 
another hospital Following this iltoess the patient had 
a ctmtiDual chronic cough with the production of scant, 
purulent sput um and was always under par physically 
At the age of seven, roe ntg enograms of the chest were 
made and were reported to show fibrotic changes m both 
lower lung fields. At the age of twelve because of 
persistent cough and sputum, general malaae weakness 
and mferior general devcloptnent the patient had Gpiodol 
examma ticai of the chest with a resultant dtagnosis of 
bilatoral bronchiectaiis mvolvmg the lower lobes At 
the age of thirteen he had a very severe hcmoptyiu and 
the tubcrcolm test which bad prev i o us ly been negative 
became positive- On July 13 1937 at the age of sixteen 
he was admitted to this hospital with a complaurt of 
fever and pain m the left chest Physical and roerrt 
genographic exammaboo r evealed a poctancma mvolvmg 
both lower lobes with flmd m the left chest On the 3d 
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Wintrobe (1) recently stated that certain pa 
bents with typical pemiaous anemia could be 
thrown mto complete remission by oral treatment 
with dned unautolyzed yeast, and he concluded 
that there was m the yeast some hematopoiebc fac- 
tor speafic for the disease. As further argument 
for this belief he stated that the addibon of nor 
mal human gastric juice did not increase the po- 
tency of yeast more than it mcreased the potency 
of Uver extract Other workers have previously 
reported successful treatment of pemiaous anemia 
with preparations of autoljrzed (2) and unauto- 
lyzed (3) yeast 

In this report we give our observabons on 2 
pabents with typical Addisoman pemiaous anemia 
m relapse, who were beated with yeast in the 
manner outlined by Wmtrobe The response ob- 


tained was then compared with the response from 
material of known hematopoietic activity Both 
pabents showed absence of free h>drochIonc aad 
after subcutaneous admmistrabon of 1 0 mgm. of 
histamine. 

Pabent C W was given ordinary brewer’s 
yeast daily for 10 days (Figure 1) The attempt 
wns made to administer 2 grams of yeast per 
kgm of body weight, but the pabent vras not al 
ways able to take this amounL She never took 
less than 1 0 gram per kgm of body weight, how 
ever and consumed a daily average of 1.7 grams 
per kgm of body weight over the 10-day penod 
Dunng the test penoda the diet contained no liver 
meat, or eggs On the sixtli day, the rebculocyte 
count rose to 2 0 per cent After 10 days regular 
commeraal ventnculm (Parke, Davis and Co ) 



CoiTPABATTFE HeJIATOPOINTIC ReSPONSI TO YeAST VeNTWCUXIK AND 
PAttEJITEEAn LweI ExTOACT ^ 


Fig. 1 Patient C W 
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^\•as started, 15 grams dad} (Penod B, Figure 1) 
Houe\er, 14 da}s after starting }east, the reticu- 
Ioc}te count rose to 8 8 per cent and the red blood 
corpuscle count and hemoglobin began to nse 
Although this response occurred dunng adminis- 
tration of \entricuhn, there can be no doubt that 
It w as ei oked by the } east administered during the 
preceding period This is proven b} the fact that 
there v-as a subsidence of reticuloc}’tosis followed 
by a second reticuloc>i;e peak of 11 7 per cent on 
the tenth day after starting ventnculm It is well 
known that two reticulocyte responses to con- 
tinuous therapy w'lth the same matenal in equal 
daily amounts do not occur (4) During the 10 
days of Penod C (Figure 1), no medication was 
giien and the reticuloc}n:osis subsided, although 
the red blood corpuscle count and hemoglobin 
continued to nse In Penod D (Figure 1), 5 cc 
of liver extract (Campolon, Winthrop) were ad- 
ministered intramuscularly daily On the fifth 
day there was a reticuloqde response of 4 2 per 
cent From this it is concluded that the yeast 
e\ oked a partial hematopoietic response w hich was 
uot as great as that following 15 grams of ven- 


triculm daih Further, the \entnculin, in the 
amount gi\en, was not as effcctne as the paren- 
teral Iner extract, as evidenced b} the further 
reticuloc}-te nse after parenteral administration 
of Iner extract 

Patient C H recened ordinary brewer's }east 
dunng the 15 da}s of Penod A (Figure 2), m 
doses of 2 grams per kgm of bod} weight dail} 
He expenenced no difficulty m taking the medica- 
tion He was on an ordinary house diet at the 
time, W'lth the exception that Iner w'as omitted, 
since It was desired to provide maximum oppor- 
tunity for a response The reticulocytes reached 
5 9 per cent on the eighth day after starting }east 
Dunng the next penod (Period B, Figure 2) 
ventnculm was administered in doses of 15 grains 
daily On the tenth day after starting ventnculm 
the reticulocyte count rose again to 5 2 per cent 
In the last period, crude liver extract, 1 cc denved 
from 5 grams of liver (Solution of Liver Extract, 
Lilly), was admimstered intramuscularly in doses 
of 2 cc daily On the eighth day of such treat- 
ment (Period C, Figure 2) the reticulocyte count 
reached 13 0 per cent and there was an increase in 
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red blood corpuscles and hemoglobin The fact 
that small doses of parenteral liver produced a 
considerably greater response than a theoretically 
minimal dose of ventnculin calculated to evoke 
a maximal reticulocyte response, argues that the 
patient ivas unable to respond fully to oral medi 
cation This does not, however, mvahdate the 
fact that a second response to the vcntnculm fol 
lowed a preliminary response to yeast, but it does 
indicate that the vcntnculm was more potent than 
the yeast m the dosages employed. Parenteral 
Irver therapy m the dosage employed was consider- 
ably more effective than either the yeast or the 
ventncuhn, 

DISCUSSION 

Previous work (5, 6) has demonstrated that 
the mtnnsic factor defiaency m pemiaous anemia 
is quantitative rather than qualitative and that the 
gastnc jmee of patients wth permaous anemia 
even in relapse contains intrinsic factor, but m 
such small amounts that it wfll not prevent anemia 
in the patient Thus if an excess of extrinsic 
factor IS supplied to such patients it is conceivable 
that enough hematopoietic substance will be 
formed m vwo to prevent anemia or at least, re- 
duce the requirement for preformed hematopoietic 
substance. The response to >east obtained in 
our cases is considered to be the result of supply- 
mg an excess of extrinsic factor m the presence 
of greatly diminished but not completely absent 
intrinsic factor It is unnecessary to assume that 
yeast contains any hematopoietic substance specific 
for permaous anemia It supplies an abundance 
of cxtnnsic factor and certam patients with per- 
maous anemia may be tlirown into remission with 
out spcafic therapy if an excess of such extrinsic 
factor IS supphed. In any event, the yeast, m 


the dosage employed, w'as not as effective as small 
daily oral doses of vcntnculm or mtramuscular 
liver extract 

SUMMARY 

1 Two patients with permaous anemia m re 
lapse are reported They obtamed a response 
with ordinary dned brewer s yeast, but this re- 
sponse was neither as great as that evoked with a 
minimal amount of vcntnculm calculated to give 
a maximal retlculocytosis nor with dail> mtra 
muscular mjechons of unconcentrated hver ex 
tract 

2 The response to >east is due to the fact that 
permaous anemia is a disease of quantitative 
rather than quahtative defiaency Admimstra 
tion of large amounts of extrinsic factor with 
greatly diminished but not completely absent in 
tnnsic factor will produce a response m certain 
patients with permaous anemia, 
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SEROLOGICAL DIFFERENTIATION OF OBSTRUCTIVE FROM 
HEPATOGENOUS JAUNDICE BY FLOCCULATION OF 
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The rJinical differentiation of obstnictue jaun- 
dice from that due to derangements of the hver 
IS frequently impossible despite careful history 
taking and physical exammation and the employ 
ment of many types of diagnostic procedures 
Patients with grave hepatitis are often subjected 
to the added hazard of an anesthetic and lapa- 
rotomy to rule out possible biliary tract obstruc 
tion, whde conversely, explorahon may be delayed 
perilously long m cases of obstruchon m the hope 
that the jaundice will subside spontaneously 

In a previous prehminary report (1) the author 
has desenbed a simple test by which disturbances 
m the hepatic parenchyma may be recognized by 
noting the capaaty of the serum in these cases to 
flocculate a colloidal suspension of a cephalm 
cholesterol complex. This test can be performed 
m any adequately equipped routine medical labo- 
ratory smee the reagents are few and relatively 
stable and no costly afifiaratus is required 

TECHNIQUE POE PXOCCm.ATION TEST 

A stock solution is prepared by dissolving 100 mgm. of 
sheep brain cephalin ^ and 300 mgm. of cholesterol m 

1 The cephalin employed in the flocculation tests was 
prepared and kindly furnished by Dr Erwin Oiargaff of 
the Department of Biological Chemistry College of Phy 
liaans and Snrgeoni, Columbia University The process 
for preparation was as follows 

Sheep brains were dehydrated by 3 extractions with 
acetone and the dry bssue powder was 3 times extracted 
with ether (free of peroxides) The ether extracts were 
conce n trated m vacuo and the crude cephalin %vas pre- 
cipitated by the addition of 4 volumes of absolute alcohoL 
The resulting precipitate was dissolved in the mmunuiu 
amount of ether the accompanying cerebroside impurities 
were precipitated by chillmg and removed by centrifuga 
twn. The supernatant ether solution was again pre- 
apitated with 4 volnmes of absolute alcohoh chilled, and 
the preapitatc filtered, washed with alcohol and acetone, 
and desiccated. The cephalin preparation is a brown 
powdery material containing traces of other lipids. These, 
however do not feature in the rcaction- 


8 cc. of ether (Squibb s anesthesia) This solution can 
be kept many months without deterioration m a well stop- 
pered container An einalsion of a cephalm-cholestcrol 
complex may be prepared by adding (slowly and with 
stirnng) 1 cx;. of the stock ether solution to 35 cc. of 
freshly dlstHIed water warmed to 65 to 70 C aod then 
heating slowly to boiling The mixture is allowed to 
simmer until the final volume Is reduced to 30 cc. Dur 
mg the heating all coarse granular dumps arc dispersed 
to a stable, milky translucent emulsion and all traces of 
ether are driven off After coolmg to room temperature 
the preparation is ready for testing which consists of 
addmg 1 cc. of the emulsion to a test tube (preferably a 
cen trifu ge tube) containing 02 cc. of the patient s se r um 
diluted with 4 cc. of normal (035 per cent) salme. After 
thorough shakmg and stoppering with cotton the tube U 
sJlowed to stand undisturbed at room temperature and 
notation Is made at the end of tr v en^ four and iorty 
eight boors as to the amoont of flocculation tod predpi 
tatkm that has taken place. With normal b una n sera 
the emulsioD remains as a stable homogeneous suspension 
but with sera from patients with diffuse hepatlhs the 
lipoid roatcnal tends to flocculate and predpitate to the 
bottom of the tube. A H — [-++ reaction indicates a com 
pletc preopjtation leaving the supernatant liqmd water 
dear Gradations of the reaction between negati\'e and 
++++ arc designated in terms of -h ++ and +++ 
No test should be regarded as negative until forty eight 
hours have dapsed without flocculation. 

Few precanbons are necessary The scrum should 
preferably be fresh or preserved at ice box temperature. 
Plasma also may be used but the presence of various 
anticoagulants creates uncontrollable noccrtamties. The 
lipid emulsion, if properly prepared, remains stable for 
many ^ys but comparable results can be expected only 
if it is prepared freshly on the day it is to be used. It 
is important to measure accuratdy the vanom ingredients 
and to employ only carefully washed glaisvrarc. Traces 
of heavy metals or strong adds may give rise to cr 
nm e o us positive flocculation. 

Dtagitoshc siffnifictmcc 

Over nine hundred sera from normal indi- 
viduals or from patients with no demonstrable 
hepatic disorders have been examined m the man- 
ner desenbed and with the exception of one 
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FLOCCULATION TEST IN JAUNDICE 


healthy medical student, no significant flocculation 
reactions have been observed. 

In a like manner the sera from hventyfi\e 
cases of obstructive jaundice have been tested and 
these also, irrespective of the cause of the obstruc- 
tion, have failed to produce significant floccula*- 
tion (Table I) In several instances a ± or -f* 
reaction has been noted m the forty eight hour 
readmg This finding presumably mdicates mild 
hepatitis assoaated with the obstructive process 
Even m cases of long standing bihary obstructioa 
with secondary fibrosis m the hver the test usually 
remains negative. 

In contrast to the findmgs m obstructive jaun- 
dice the serum from thirty three of thirty-eight 
cases of jaundice due to hepatitis catarrhal jaun 
dice, and cirrhosis have produced a prompt, strong, 
flocculation reaction (Table II) The diagnosis 
has been estabhshed m these cases by histological 
examination of the liver tissue obtained at opera 
tion or autopsy, or by a clmical course so typical 
of catarrhal jaundice that there is Uttle ques- 
tion as to the nature of the disorder 

A number of these cases have been tested re- 
peatedly dunng the course of their disease and a 
dose correlation always has been demonstrable 
between the clinical seventy and the degree of 
flocculation The following bnef case report il 
lustrates this point 

Ciut 4 {TahU II) HosfnUil Nuiiiber 410158 Male, 
age 28 yean occupation — clerk. 

Dxagnoiu Acute het>otU%s — unknown etuslogy 

Patient was admitted to the Quuc, January 5 1938, 
complaining of jaundice for 1 wedt He had alwayi been 
healthy had bad no mdigesbon, no expotnre to mduf trial 
poisons no previous medications used alcohol infre- 
quently There was no history of preceding infection. 

Pretent illness began ten days previously with malaise, 
anoreda, and nausea. Three days later patient noted 
light stools and dark urine. Increaibg jamKlice had been 
present for the past week. There was no pain over the 
liver Slight Itching of the skm was present 

Physical exammation Patient was in tense ly jaundiced, 
well nonruhed, and well developed. Sensonum was dear 
Liver edge was 2 cm. below the costal margin, and not 
tender Spleen was not palpable. There was no asdtes. 

CltmcaJ course Patient was mauitained on a high 
carbohydrate regime, and jaundice gradually subsided 
during the ensuing month. There was no fever no 
anemia, and no leukocytosis, Wauerroann was negative 
sedimentation rate 6 mm. in 1 hour Stools were light 
but positive for urobilin by the mercuric chloride test 
Unne showed decreasing amounts of bfle during the 
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month of jaundice. Patient s health has been excdlent 
since illness. 

Chemical studies of the blood m correlation 
With the flocculation test are shown m Table HI 
It will be noted m this case that the flocculation 
teat agrees well with the clinical course while at 
the same time the total protein and the albumm- 
globulm ratio show no significant alterations 
The cephalin-cholesterol flocculation test is also 
of value m those instances where the dimcal data 
are confusing or actually misleading 

Case 20 (^Table II) HospUal Number 55S08S Mtle 
age 63 years occupation — cabinet maker 

Complaint Deepening jaundice for one mooth- Gen- 
eral health was always excellent until six months previ 
ously when be first noticed a sensation of fnllnets across 
the epigaitnnm after meals There was no actual pain. 
Tbe attacks usually lasted about one hour and subsided 
spontaneously One month before entering the clinic be 
notittd jaundice, light colored stools, and dark urloe. 
His appetite became poor bowels remained regular He 
lost about ten pounds in weight There was no prevxms 
exposure to drugs or chemicals. 

Physical erommation The patient was an obese 
elderly Dutchman showing recent loss of weight He 
was moderately Jaundiced but did not complain of ftchlng 
A firm mass was palpable in the upper right quadrant 
wWefa could be taken for either Hver or an enlarged 
gallbladder The spleen was not felt There was no 
demonstrable ascites 

Laboratory findmgs Hcmogbbin 15 4 grams per cent 
erythrocytes 5 050 000 leukocytes 7fi00 Waisermaim 
negative stools acholic urmc contamed bile. Scrum 
billrubm was 14 1 rogm. per cent, serum phosphatase 4 1 
Bodansky units serum protein 6 6 per cent serum al 
bumln 3.2 per cent strum globulin 34 per cent and 
blood amylase 193 units. 

The presumptive diagnosis was obstructive jaundice. 
Support for this optmon was strengthened by the x ray 
finding of distortion of the second portion of the duo- 
denum compatible whh an inBltrativc lesion in the region 
of the pancreas. The cephalin flocculation test was 
++++ a finding to be expected with intrabepatic dis 
case rather than with biliary obstructioa 

The patient was explored surgically for diagnosis. The 
liver was found enlarged and firm. The gallbladder was 
not abnormal. There was an induration m the region 
of the head of the pancreas (probably inflamraitory in 
nature) which was not obstructing the common bile duct 

A section of the liver taken at operation revealed 
hepatitis and drrbosis of the portal type. The lobules 
were irregular In slic and shape. The liver ceils vane' 
m appearance. A number were vacuolated and some cor 
talned bile pigment An appreciable number of the cell 
contained ttvo or more nuclei. The co nn e c tive tisio 
septa were unusu ally thick and prtamnent There w.u 
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TABLE III 


Blood cf-cmtslry studies, Paiienl 4101SS, shoetnrg correlalwn mth cephaltn-choleskrol ftoccvlaiwn test 


Dale (/SiS) 

January fi 

January 12 

Janaary 20 

Janaar> 29 



April 26 

Serum bilirubin, mgm per 100 cc 

12 1 

170 

17 6 

75 

3 8 

25 1 


Sanim nonprotcin nitrogen, mgm 

26 



27 


21 


per 100 cc 

Scium phosphatase, Bodonshy units 

88 



76 


29 


per 100 cc (Normal 1 to 4 units) 
Serum cholesterol, mgm per 100 cc 




309 




Scrum sugar, mgm per 100 cc 

70 



77 




Scrum total protein, grams per 



6 3 




100 cc 

Serum albumin, grams per 100 cc 

4 2 



39 




Serum globulin, grams per 100 cc 

2 8 



2 4 

Slight 

Slight 

Completely 

Degree of icterus 

Intense 

Intense 

Intense 

Clearing 







absent 

Flocculation test 

-t--f-l- + 

+ +++ 

Not done 

+ + 


0 

0 


marked irregular proliferation of the bile duct epi- 
thelium. About the biliary ramifications m the fibrous 
conncctiic tissue Mere mflammatorj cell foci composed 
predominantly of plasma cells, Iimiphocytes, and rare 
polymorphonuclear leukocytes No bile was seen in the 
ducts The patient’s jaundice cleared spontaneousl> 
He has been sjTnptom-free for the past three months 

Prognostic significance 

The flocculation test is of considerable value 
prognostically in cases of hepatitis Many pa- 
tients tilth mild attacks develop negative reactions 
before the icterus has completely subsided For 
this reason, performing the test late in the course 
of the disease may yield little of differential diag- 
nostic value However, finding a negative floc- 
culation at this stage is a favorable indication, 
since no relapses or evidence of persisting liver 
disease have 3et been observ^ed in a case of acute 
hepatitis once the reaction has returned to normal 
On the other hand, the maintenance of a strongly 
positive flocculation reaction, irrespective of 
changes in the degree of jaundice, is of grave im- 
port and IS usually indicative of active progressive 
luer degeneration 

The followang abstract indicates the typical find- 
ings in a case of intractable hepatogenous jaundice 

Case 14 (Tabic II) Hospital Number 557929 Fe- 
male, age 52 } ears, housewife. 

Patient lived m Colombia, South America, until the 
age of tvventi and has had no senous illnesses except 
chrome malana m carl) adult life. General health was 
excellent She has used considerable alcohol (7 or. gm) 
dail> for vears Her diet m the past >ear has been in- 
adequate and cspeaallj low in vitamm content She has 
lost 20 pounds m this mterval and has noUced progressive 


weakness Three months before admission to the clinic, 
paresthesias, and hyperesthesias developed in the loner 
extremities One month later she complained of anorexia, 
constipation, belchmg, distention, and attacks of sharp 
intermittent epigastric pain Five days before admission 
she noticed jaundice and dark urine for the first time. 
The stools remained brown. There was no itching of the 
skin. 

Physical examination The patient was an emaciated, 
tired looking, middle-aged vvoman She was moderately 
jaundiced and showed on the face and body a number of 
spider angiomata The liver, which was enlarged 8 cm 
below the costal margin, seemed firm and irregular The 
spleen was not palpable. The knee jerks and ankle jerks 
were absent, and there was considerable hyperesthesia of 
the lower limbs 

Course A painful friction rub soon appeared in the 
region of the liver and asates requiring frequent tappings 
developed. She became progressively weaker and more 
jaundiced m spite of high carbohjdrate administration and 
large intake of vitamins both m the food and parcntcrally 
She died in stupor three months after the onset of 
jaundice. 

Laboratory findings Hemogloblin 8 grams per cent, 
ennhrocytes 2,590,000, leukocytes 16,400, polymorphonu- 
clears 86 per cent , erythrocyte sedimentation rate 82 mm. 
in 1 hour Unne was negative except for choluria 
Stools were brown and contained urobilin, no occult 
blood was present X-ray examinations of the chest and 
gastro-intestinal tract revealed no evidence of malignancy 
Wassermann was negative, gastne analysis, free HQ ab- 
sent, serum bilirubin, 9 5 mgm, per cent direct, scrum 
phosphatase 8.5 Bodansky units, blood cholesterol 208 
mgm. per cent, serum protein 6.2, serum albumin 31 
per cent , serum globulin 3.2 per cent , and cuglobulin 
0 6 per cent The bromsulphalein test showed 60 per 
cent dye retention after 30 minutes Takata-Ara test 
-}-++ 

The cephalm flocculation test was performed one week 
after the onset of jaundice and again a short time before 
death. In both mstances the reaction was strongly posi- 
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tJve. In the meantime total lennn protem dropped to 
52 per cent, acrom albumin to per cent, and semm 
globulin to per cent 

HlstoIogKally, the Irver lobulation was completely du 
torted. There was central and periportal fibrosis with 
marked polymorphonuclear leukocytic mfiltration m the 
periportal connective tissue. The most prominent feature 
was the jaundice and necrosis of the more central liver 
cells. Many had hyaline droplets and occasionally others 
showed leukocytes within the boundaries of the disinte- 
grating cells There was prolrferation of bile ducts In 
the portal areas, many of which were also Infiltrated by 
polymorphonuclear leukoc 3 rte 8 . 

T/te floccitlafioii test tn hepatitis due to known 
toxic agents 

Patients with jaundice following administration 
of arsphenamine may be mdistinguishable by floe 
dilation reactions from the idiopathic types of 
hepatitis already described. On the other hand 
of the four instances in our records of hepatitis 
with icterus faibng to give a positive reaction, 
three are attnbutable to the recent use of this 
drug 

The following abstract deals with this type of 
case 

Case 38 (Table 11) Hospital Number S51044 Male 
age 29 years occupation— ^hier 

Patient s general health was excellent Initial Injection 
of arsphenamine had been two locnthi prcvwusly for an 
asymptomatic positive Wasiermann reaction. There had 
been no discomfort after the first injection but about 
four hours after the second treatment one month later he 
developed a chill, vomited and became prostrated. He 
contmued to run fever and developed puffy eyes, an- 
orexia, and pam across the upper abdomen. Jaundice 
was noticed five dsyi after the arsphenamine adminU 
tration accompanied by Itching dark unne, and light 
stools. 

Phystcai examination. Patient was deeply jaundiced. 
Thcre was distressing prurills of the ildn. Liver and 
spleen were not palpable. 

Course Patients jaundice subsided slowly over • pe 
riod of three months. During this period he run an 
irregtilar fever of about 100 He has robiequently 
made a satisfactory recovery 

Laboratory findings Hemoglobin 12 grams per cent 
erythrocytes 4,250 000 leukocytes 8,400 polymorpho- 
nodears S8 per cent cosinophfles 8 per cent Stools were 
achohe at onset but contamed bile later Erythrocyte 
sedimentation rate was 113 mm. in one hour The unne 
showed a heavy trace of bilirubin X ray examinations 
subsequently have revealed a normal gallbladder Serum 
phosphatase was 17.6 Bodansky umts serum bilirubin 
17 0 mgm. per cent serum cholesterol 580 serum pro- 
tein 6ii per cent se mm albumin 34 per cent serum 


gldmlm 3 1 per cent Chemical studies made weekly 
during the course of his Illness showed a gradual return 
to more normal figures 

The flocculation test on this patient was repeatedly 
negative. 

In contrast to the group of post arsphenamine 
cases showing strong flocculation reactions and 
resembling idiopathic hepatitis the negatively re 
acting group is charactenzed by prompt onset of 
disability and jaundice following arsphenamine 
injection, mtense itching of the skin, little disturb- 
ance of the albumin globulin ratio and elevated 
serum phosphatase. Flood, Gutman, and Gut 
man (2) have already noted the elevabon of 
serum phosphatase in about half of theu- cases 
of post arsenical hepatitis and have pointed out 
that the high values encountered would accord 
better with an obstructive process The absence 
of flocculation also supports an assumption that 
the mechamsm of jaundice production m certain 
of the post arsphenamine cases is dififercnt from 
that operating in idiopathic hepatitis It is of 
practical importance that a negative flocculation 
test may lead to the erroneous diagnosis of ob- 
structive jaundice m patients who have recently 
received arsphenamine. 

Instances of liver damage due to other recog 
nued toxic agents have been too few to warrant 
any companson wth the post-arsenical group 
One case of fatal phosphorus poiaonmg (Case 
557927) showed a 4— )~++ reaction On the 
other hand, a smgle unexplamed case of hepatitis 
with jaundice, which followed soon after acute 
alcoholism, and gave a negative floanilation test, 
has been encountered. 

Case 29 (Table 11) Hospital Number 557966. Male 
age 42 years occupation — fireman. 

Two days following heavy ovenndulgence In beer and 
whiskey the patient noticed dark urine and light stools 
followed by jaundice. He vomited once. There was 
moderate Itching of the tkm, but no abnormal bleeding 
General hesUth always bad been excellent Patient has 
used alcohol regularly for years with occasional episodes 
of excessive drinking He had had no previous rocdica 
tions nor exposure to injurious chemicals. Diet had been 
adequate. He entered the chnlc after increasing jaundice 
for two weeks. 

Physical exatntnalum. Patient was well nourished, 
afebrile, and intensely jaundiced. The liver extended to 
the level of the umbHicus and was not tender Tip of 
the spleen was palpable. There was questionable asciiea 
and slight pitting ^ema of the ankles. 
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Course Jaundice gradualK cleared m sc\en weeks and 
Incr decreased considerabli in size. Patient has been 
well and actne since recoicrj 
Laboratory findxnns Hemoglobin 14 grams per cent, 
crs-throc> tes 4,400,000, leukocytes 6,600, poUmorpbo- 
nuclcars 74 per cent, crjthrocj'te sedimentation rate 3 
mm m one hour Unne was negative except for bile 
— I — I — h Stools contained urobilin X-raj of the 

gastro-intcstmal tract revealed no abnormalities Kline 
test was negative. Serum bilirubin was 210 mgm. per 
cent , scrum phosphatase 5 1 Bodanskj units , serum 
cholesterol 121 mgm per cent , serum protein 5 1 per 
cent , serum albumin 3 5 per cent , serum globulin 1 6 
per cent Ccphalin flocculation was repeatedlj negative. 

A negative reaction would have been more significant 
had It been obtamed earlier m the course of his disease, 
since a number of non-jaundiced, acute alcohobes with 
temporarj enlargement of the liver have shown a positive 
flocculation reaction during a brief period onlj It is 
suggestive, however, that the patient was suffering front 
a toxic hepatitis due to alcohol and that the mechanism 
of jaundice production may differ wnth the various types 
of liver injury 

The jloccx\]alion test tii jaxtndxce due to mtscel- 
lancous causes 

Cases of jaundice due to cholangeitis, liver ab- 
scess, and new growth have been too few in our 
senes to establish an evaluation of the flocculation 
test in these conditions Single or circumscribed 
suppurative lesions in the In er are assoaated gen- 
erally \v ith a negative reaction w’hile cases in which 
the process is multiple or w'ldely disseminated give 
a positive reaction Caranomatosis of the liver, 
both primarj" and metastatic, usually is accom- 
panied by a negative reaction Several cases, 
however, with metastases m the liver from pri- 
mary tumors of tlie colon, esophagus, etc, have 
show n a positiv e reaction 

All four cases of hemolytic jaundice studied 
have failed to show flocculation On the other 
hand, jaundice appeanng dunng acute or chrome 
infections such as pneumonia or septicemia is usu- 
ally accompanied by a positive test This finding 
tends to indicate that icterus occurring dunng in- 
fection IS secondary to changes in the liv er rather 
than to e.\cessiv e blood destruction as is sometimes 
assumed 

Compansou of the fiocculatiou reaction tenth liver 
function tests 

With the e.xception of a few post-arsphenamine 
cases, the ccphalin-cholesterol flocculation test has 
proved to be a more sensitive and more accurate 


index of actne disturbances of liver parcnchyana 
than any of the so-called liver function tests Oc- 
casionallv , hepatic insufficiency may be demonstra- 
ble by poor bromsulphalcm excretion or other 
methods when the flocculation test is consistently 
negative This has been observed chiefly among 
patients with extensive neoplastic involvTinent or 
with chronic cirrhosis in whom the process is 
stationary so far as can be determined by long 
periods of observ'ation It is probable that the 
replacement of active liver cells bv new growth or 
scar tissue in these instances, rather than inflam- 
matory or degenerative processes, accounts for the 
impairment of hepatic function Like the finding 
of albuminuria, which is often a better early indi- 
cation of active kidney disease than renal function ^ 
tests, so, a positive flocculation may disclose cer- 
tain types of liver derangements when the usual 
liv'er function tests are equivocal Comparisons 
with other procedures have not been made in all 
cases, but no stnet correlation of the degree of 
flocculation has been established with tlic brom- 
sulphalem excretion, hippuric acid formation, or 
levulose tolerance test Neither does it neces- 
sarily parallel the Takata-Ara reaction, the formol 
gel test, the serum bilirubin or serum cholesterol 
content, or quantitative changes in any of the 
recognized protein constituents It may be posi- 
tive or negative irrespective of the Wassermann 
reaction or ery'throcyte sedimentation rate 

Mechanism of the flocculation reaction 

The mechanism of the flocculation test is still 
under investigation and will be reported elsewhere 
The factors upon which the phenomenon depends 
are probably comparable to those involved m the 
flocculation tests for syphilis as described by Eagle 
(3) In brief, there is evidence supporting the 
assumption that a strongly flocculating serum con- 
tains a nitrogen beanng constituent in the globulin 
fraction, which, dunng the reaction, becomes at- 
tached to the surface of the ccphahn-cholcstcrol 
particles The film of adsorbed protein probably 
bnngs about changes in surface potential and in- 
crease of cohesive forces between the colloidal 
elements The flocculation reaction depends upon 
the specific properties of certain cephalins It is 
not obtained with cholesterol or ccphalin alone or 
with emulsions composed of cholesterol and other 
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lipids such as egg leathiiL The role of cholcs 
two! m the reaction is probably that of orientating 
and furnishing a vehicle for tlie cephalin compo- 
nent The nature of the flocculating substance 
and the reason for its presence dunng the course 
of certain hepatic disturbances is still speculative, 

CONCLUSIONS 

1 Emulsions prepared from mixtures of sheep 
brain cephalm and cholesterol arc not flocculated 
usually by normal human serum or by serum 
from patients with obstructive jaundice, 

2 Cephalin-cholesterol emulsions are flocculated 
by sera from patients with active disturbances of 
h\er parenchyma. 

3 Jaundice due to biliary obstruction may be 
distinguished usually from hepatogenous jaundice 
by the cephalm-cholesterol flocculation test 

4 The degree of flocculation parallels the se- 
venty of active hver disease and may therefore 
be employed prognostically m eshmatmg the de- 
gree and persistence of the active process 


5 Certain patients with jaundice appeanng im 
mediately followmg salvarsan mjections may give 
a negative flocculation reaction and thus simulate 
obstructive jaundice, 

6 The flocculation test may be regarded as an 
mdex of disturbance of liver parenchyma and 
does not parallel hepatic function tests 

7 The mechanism of the flocculation test prob- 
ably depends upon the capaaty of an altered 
globulin constituent of the serum to become affixed 
to the colloidal elements of the emulsion, 

BIBLIOGRAPHY 

1 Hanger Franldm M, The flocculation of cepha^ 
cbolcsterol emulsions by pathological fcnu Tr A, 
Am Phyaicjans 1938 53 148. 

2. Flood, Charles A,, Gutman Ethel Benedict, and Gut 

man, Alexander B Phosphatase actmty inorganic 
phosphorous and calamn of tenim m disease of 
liver and biliary tract Arch, Int Mcd„ 1937 59 
981 

3. Eagle, Harry Laboratory Diagnosis of Syphilis, 

Mosby St Louis, 1937 




THE EFFECT OF SLEEP ON SKIN TEMPERATURE REACTIONS IN 
A CASE OF ACROCYANOSIS 
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Acrocyanosis is a condition in which the ex- 
tremities are cold and blue. It differs from Ray 
naud s disease in that it does not occur m attacks 
but IS relatively permanent, and m that there is 
no sharp Ime of demarcation separating the nor- 
mal skm from the abnormal areas Lewis and 
Landis (1) believe that the fault bes m an execs 
sive sensitivity to cold on the part of the small 
vessels of the extremities This sensitivity results 
in spasm of the arterioles and a secondary dila- 
tion of the venous capillaries Villaret and co- 
workers (2) and Kremdler and EHas (3) beheve 
that the cause is hypertomaty of the sympathetic 
nervous system EUiott Evans and Stone (4) 
emphasire chiedy a local fault of the small vessels 
but they recognize that centrally arising impulses 
may be contributory They feel that there is 
merely dilation and atoniaty of the venules and 
venous capfllanes rather than spasm of the arteri- 
oles Pearse (5) believes that m Raynaud's dis 
ease sensitivity of the vessels causes an exag- 
gerated vascular response to normal influences, 
whether local or general 

It is the purpose of this paper to describe a 
study of the spontaneous warming of the hands 
and feet m sleep in a case of acrocyanosis The 
facts collected lend support to the theory that the 
condition m this case may be the result of vaso- 
constrictive influences arising from central por 
tions of the sympathetic nervous system and not 
directly related to the temperature of the environ 
raent 

CASE HISTORY 

The pabent, M L. (Babies Hospital Number 546672) 
was a 6H-year-old ffirl of Rtmlan Jewish parentage. A 
sibling who had died and a comm who wa* otherwise 
well had cold hands and feet Our paUent had suffered 
from a predominating coldoeis and blueness of her bands 
and feet since the age of six months with partial relief 
in the summer but with complete relief at all seasons 
during sleep. She also bad periodic episodes of uncx 


plained Tomiting lasting two or three days which were 
the occasions for her two admissions to the hospital. 
Abnormal physical findings at 6^ years of age w e re 
confined to the skm. The hands and feet felt very cold. 
The bands were cyanotic, bang about VIII to X on 
Lewis scale (6) They were slightly damper than nor 
mat The feet were las sfffected than the hands. The 
abnormal sldn of the hands and feet merged gradually 
with that of the normal legs and forearms. The re- 
mainder of the skin was normal except for irregular red 
areas which appeared when the child had cried hard for 
a few minutes. They would appear all over the body 
and resembled, except in distribuUon, an ordinary blush. 
The blood pressure was 105/70 pulse 90 and respira 
tioni 20 per romute. The I Q was 70 on the Stanford 
Binct scale and there was definite emotional Instability 
Blood count! unne analyses Mantoux test, and blo<^ 
Kahn test were normal X rays showed no cervical ribs, 
Donng one of her vomiting episodes, x nys foUowmg t 
barium meal were taken and Dr John Caffey’s report 
states ** Roentgen findmgs demonstrate complete pyloric 
obstruction for 3 hours and gastnc retention of comld 
arable amount at 6% hours " That this obstruction re 
suited from spasm is mdicated by the complete disap- 
pearance of this block when roentgen examination was 
repeated. The child had no digestive symptoms while in 
the hospital and further investigation was confined to a 
study of skin temperatures. 

SPECIAL OBSERVATIONS 

Measurements of the rectal and skin tempera 
hires were made under vanous arcumstances 
For the skin temperatures a thermocouple tvas 
used which was accurate to about 0 5® G Rectal 
temperature was contmuously recorded by a nickel 
resistance thermometer accurate to 01° C 
The prompt nae m finger and hand temperature 
following the onset of normal sleep is showm m 
Figure 1 The cheek cooled off slightly The 
rectal temperature rose slightly dunng the first 
part of the observation and then remained con 
slant In Figure 2 there is shown the equally 
prompt cooling of the fingers and hand when the 
pabent awoke from normal sleep The child had 
gone to sleep with mittens on The nght hand 
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Fig 1 Rapid Rise in the Skin Temperature of the Hand and Finger Following 

THE Onset of Normal Sleep 

The room temperature \'aned between 228° C and 233° C The child was dressed in 
a single cotton garment, and was covered, except for the parts measured, with a cotton sheet 


mitten was removed at the beginning of the ob- 
servation The left hand mitten was kept on ex- 
cept momentarily for the three observations re- 
corded on the chart, thus maintaining the same 
thermal envnronment as had been present dunng 
sleep The elevation of skin temperature in sleep 
was accompanied bj a change in color to a deep 
red which, upon awakening, was again rapidly re- 
placed by cjanosis 

These observations suggest that in this case of 
acrocyanosis there is, dunng the waking state, a 



Fig Z Fall in Skin Temferature of the Ha'-ds and 
F i' CEP^ Occurring Upon Awakejtng 


vascular spasm which results from central im- 
pulses rather than from local conditions and that 
these impulses are in abeyance dunng sleep To 
test this further, observations were made on the 
reactions to various thermal conditions, botli local 
and general, when the subject was awake and 
when she was asleep The results are shown in 
Figures 3, 4, and 5 

In Figure 3, sleep was induced by 0 240 gram 
of sodium phenobarbital After the initial nsc in 
temperature of the finger and hand, the palm of 
the hand was placed in contact with a cake of ice 
for a penod of 10 minutes (^A in Figure 3) Al- 
though the temperature of the palm of course fell 
(to 25° C ), the dorsum of the hand showed only 
a slight fall, and there was no change in color 
After the ice was removed (B) both feet were 
placed in tepid water (C), which was then raised 
to about 43° C The water was then cooled, at 
first slowly, and then rapidly to 189° C (F) 
The foot bath was removed at P The skin tem- 
perature of the finger, hand, and arm as well as 
the rectal temperature showed fluctuations during 
these vanations m the foot bath temperature In 
fact, the fall in rectal temperature induced by the 
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Fig, 3 Effict of Vamoo* Theuial Situations Tested While the 
Child Was Asleep Unde* the Ijtfluence or 0240 Geau or Pheno 

BAMTTAL 

The room temperature varied between 21^ C and 222 C and the 
child was dressed in a smgle cotton garment. For explanation of the pro- 
cedures, see text 



Fig. 4 Pattekt's Reacttok (While Awake) to a Wajoi Foot Bath as Compared With 
That or a Noiuial Child 

The room temperature was 23 C for the patient, and slightly cooler (21 C) for the 
control, m order to bring the skin temper a tur e of the latter down to a level comparable with the 
patient s At ^ the feet were ptrt m a warm foot bath (about 42 C) and removed at B 
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Fic 5 The Effect on Skin Temperature of Moving the Patient and a Normal 
Control from a Cold to a Warm Room, and Back Again 
The room temperature is shown by the dash line. The control was an adult who 
was dressed in ordinary clothes, and the patient had on two simple one-piece cotton gar- 
ments The patient's finger did not deviate much from the room temperature. The 
amount of nse and fall in skin temperatures was about the same m the two subjects 


cool foot bath amounted to 1° C m 35 minutes 
Howet er, it should be noted that the temperature 
of the hand and finger varied in a parallel fashion 
w ith that of the upper arm, although the latter area 
w'as not int olved m the c}^notic condition Both 
constricting and dilating influences, then, are re- 
sponded to by the hand in the same way as by the 
skin of the arm, so long as the patient is asleep 
These reactions could be tested only after pheno- 
barbital because in normal sleep the procedures 
awakened the patient Even a short period of 
wakef nines has an effect on skin temperature, as 
IS shown in the last portion of the graph in Fig- 
ure 1 

"WTien the patient was awake, the hand re- 
sponded sluggishlj to dilating influences A 
standard test of autonomically mediated vasodila- 
tation consists in noting the elevation of skin tem- 
perature of the extremit} to be examined in re- 
sponse to heat applied to the body bj, for ex- 
ample, a warm foot bath Figure 4 shows the 
results of such a test in this patient, in companson 
wnth a normal child. The procedure produced 
a delated and incomplete vasodilatation Figure 
5 show s the response obtained b} movnng the pa- 


tient and a control subject (a normal adult) from 
a cool room to a w’arm room and back again It 
IS seen that quantitatively, the rise in skin tem- 
perature was about the same in the two subjects, 
and about the same as the rise in the environmental 
temperature Again, how ever, the patient show’ed 
a sluggish response These two observations sug- 
gest that when the patient is awake, dilating in- 
fluences in response to the demands of thermal 
regulation can occur, but they are sluggish, as 
though hindered by the persistent vasoconstriction 
that is present when the patient is awake In 
the summer, it was likewise noted clinically m 
our patient that although the hands were wTirmcr 
than m the winter, they were nevertheless at all 
bmes cooler than those of normal children 

It W'as noticed that during the observations 
made while the foot bath was being used the 
rectal temperature of the patient seemed more 
labile than that of the control subjects To quan- 
titate this observ'ation, how'cvcr, a larger senes of 
normals would be required 

In order to speculate intelligently as to the na- 
ture of the constneting influences which in this 
patient are abolished by sleep, a better knowledge 
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of normal physiological changes in sleep would be 
required 


ACTION OF DRUGS 

The following drugs had no detectable influence 
on skin temperature or color of the hands in our 
patient papavenne hydrochloride (IS mgm intra- 
venously) , padutin (0^ cc. mtramuscularly) , 
atropine sulphate (OJ mgim subcutaneously) , cr 
gotamme tartrate (0 07 mgm subcutaneously) 
On two other occasions ergotamine tartrate 
seemed to be the cause of a nse of 3® C m the 
skm temperature of the hand but that could not 
be repeated later Syntropan (16 mgm by 
mouth) had no effect 

The mhalation of amyl mtnte vsras followed 
a nse of 1® C for a few minutes 

Histamine iontophoresis was appUed to one 
hand A 1 per cent histamine ointment was used 
and a current of 1000 milliampere seconds The 
skm temperature rose from 25® C to 29® C, and 
the color of the hand became a deep red. Withm 
an hour after the treatment however the tern 
peratuxe had fallen to 27® and the cyanotic 
color had rrtiirned. 

OTHER OBSEBVATIONB 

Microscopic observabon of the capDlanes of the 
nail bed showed considerable dilation on the 
venous side, and very little flow of blood. 

Elevation of the arm caused a paling of the 
hand m about 15 seconds The pahng was less 
marked than the descriptions m Lewis and in 
Elliott s papers would mdicate occurred m their 
cases It was suffiaent however to provide good 
evidence against venous block. 

Placmg the hand m water at 40 5® C changed 
the color of the hand to a deep red. This test 
suggested that local heat in this case could bring 
about dilation and a flow of blood. The depth 
of color provided further evidence that the venous 
capillary bed was dilated. Such dilation would be 
m accord with the capillary microscopic findings 
and with the observations of both Lewis and 
EUiott. 

When the patient was emotionally upset, as m 
a temper tantrum red blotches appeared over her 
whole body These were from 1° C to 3° C 
higher m temperature than the surroundmg skm 



Fic. 6. DisnuBcmoN or Wajui Red Areas ow the 
Arms 

These would appear during temper tantrums and the 
pattern assumed by the red areas would often, but not 
always be repeated with each episode of oymg The 
diagram at A was drawn during a temper tantrum three 
days before the one at B 


Furthermore, as the diagram of the arms in 
Figure 6 shows the involved areas had a pattern 
which was often reproduced in a rough ^vay on 
different days On other occasions, tlus pattern 
would assume new forms. Some ividespread dis 
oixfer of the sympathetic vasomotor system would 
be required to cxplam this observation The py 
lone spasm noted on x ray examination might 
well have been sympathetic m ongm also 


SUMHARY 

A case of acrocyanosis in a 6)^year-old girl is 
desenbed. In sleep her hands and feet became 
■warm and red and under these conditions the 
hands responded m a parallel way ivith the rest 
of the body to warm and cold foot baths Local 
coohng of the palm of the hand did not mduce 
vasoamstnction when she was asleep Micro- 
scopic observation of the capiUanes at the base of 
the nails showed sluggish flow of blood and dila- 
tion of the venous side. These observations seem 
to support the contention of Lewis that m acro- 
cyanosis the primary fault is vasoconstnction of 
the arterioles However the predominant influ 
cncc of sleep over thermal influences on the con 
dition of this patient s hands points to abnormal 
vasomotor tone of cen tral ongin as the primary 
cause, rather than local sensitivity to cold such 
as was demonstrated in their cases by Lcivis and 
by Pearse. Further e\Tdcnce of 
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nenous s}stcm disfunction x\as noted m a pe- 
culiar blotcliincss of the skin during spells of 
anger Spasm of the p\lorus, which was demon- 
strated radiologicall) on one occasion, constituted 
a possible cause of her periodic episodes of -vomit- 
ing, and presented further c\ idence of w idespread 
sjTnpathetic abnormahtj 

\Vc wish to thank Dr I Shulman of the Department 
of Pharmacologj for the capillarj microscopic examina- 
tion, and Dr Robert Muller of the Physical Therapj 
Department of the PreshMenan Hospital for doing the 
histamine iontophoresis We arc also grateful to Dr 
Bcverlj Smith for valuable cnUcism. 
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MECHANISM OF THEIR ACTION^ * 

By SAiOJEL GOLDSCHinDT HARRY M VARS and ISIDOR S RAVDIN 
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In a previous publication data were presented 
which show that anesthesia produced by the in 
halation of chloroform or divinyl ether volatilued 
by a stream of oxygen, results m much less dam 
age to the liver of the dog than when air is used 
as the volatihzing agent (1) Evidence already 
presented (2) reveals m the dog no difference 
in the rate or the degree of discharge of hepatic 
gl\ cogen or the height to which the blood sugar 
rises or the amount of fatty infiltration when 
the chloroform is volatilized v,Tth air or with ox> 
gen provided a very marked anoxemia does not 
exist The protective action of oxygen appears 
not to be associated with these metabolic changes 

In the course of this work our attention was 
directed to the relation of the dietary to the sus 
ceptibihty of the animals to liver damage by 
chloroform and thus to the present investigation. 
That a diet lugh in carbohydrate is protective 
and that a diet high in fat mduces maximal sus 
ceptibihty of the hepatic cells when the h\er is 
exposed to chloroform has received much con- 
firmatory support since first reported by Opie and 
Alford in 1914 (3 4 5, 1) Diets ndi m protem 
have, also been found to be protective against the 
necrotmng action of chloroform Its value has 
been regarded as cither inferior (3 4) or at least 
equal to (5) a carbohydrate diet m omehorating 
the deletenous effects of chloroform 

Fasting also mtensifies to a great degree the 
susceptibility of the hepatic cells to mjury by 
chloroform comparable to (4) or exceeding (5) 
that which results from a high fat intake. 

It should be emphasized that our present stud 
les and discussion do not mclude the late effects 

1 Preliminary reports of part of the data in this paper 
were made before the PbysiologKsl Soaety of Phfladcl 
phia (Am. J M Sc- 1937 193 578) and the American 
Soaety for Experimental Pathology April 1 1938. 

* This mvatigahon vras aided by a grant from the 
Merck Fund for Surgical Research. 


of poisoning bj chloroform The histological evi- 
dence of hepatic injury twenty four hours follow 
mg the anesthesia is for the most part, our sole 
entenon of the effect of the chloroform Tlius 
we are dealing with its primary effects later 
secondary factors may enter the picture as shown 
by Minot and Cutler (6) 

Smee the liver is the organ conspicuously at 
tacked by chloroform it is reasonable to assume 
that the composition of the hepatic cells deter- 
mines their susceptibility to injury Moise and 
Smith (5a) emphasized the desirabihty, in ex- 
periments of this type of establishmg a nutn 
tive eqirihbnum ’ m tlie animal on the ration m 
question before produang the tissue injury In 
the present expenments not only have the diets 
been adequate and feeding prolonged but also 
the hepatic glycogen and hpid concentrations have 
been determined analytically on control animals 
before, and on the expenmental animals after, 
anesthesia with chloroform. Previous mvesti 
gators have made isolated determinations of gly 
cogen, and others have estimated the amount of 
fat and glycogen m the Uver by histological stain- 
ing The latter method is only qualitative, and 
may be entirely misleading as comparisons with 
chemical analj'sis show (ourselves unpublished 
and others (7c, 8a) ) 

The white rat was chosen as the expenmental 
animal because of the ease of attainment of ade- 
quate maintenance and growth on diets predomi 
nating m one or the other of the foodstuffs and 
also because of the high degree of uniformity at- 
tainable in the composition of the liver on a given 
ration. 

A prolonged dietary regime, with chemical 
analyse* of the resultant composition of the liver 
has Yielded information which when correlated 
wuth the histological evidence reveals the influ- 
ence of each of the foodstuffs in modifying the 
hepatic mjury by cliloroform. F wu 
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ha\c been den\ed certain deductions concerning 
the mechanism by uhich a high carboh> drate, fat, 
or protein dietaiy affects the susceptibility of the 
luer to mjuiy b) chloroform 

EXPERIMENTAL METHODS 

Male albino rats were purchased at different ages and 
reared to a weight of 150 to 200 grams on a Steenbock 
(9) diet modified bj substituting two per cent dned 
brewer’s jcast for two per cent com, this constituted the 
“stock" diet 

The special diets (Table I), varjing in carbohjdrate, 
protein, and fat, were fed for a period of two to four 
weeks following the “stock" ration In the groups of 
animals, designated Vll-s in Table II, Diet VII was 
followed by an ewclusne sucrose feeding for seien da>s 
The result of this procedure w'as an animal whose liver 
contamed both a high fat content as well as a high gl>- 
cogen content, pronded the rats ate sufficient of the 
sucrose offered Group 8, Table II, ivhilc on Diet VII 
reccned, daily for nine da>s, about 160 mgm. of added 
choline in the form of choline chloride, in part mixed 
with the food and partially administered in solution, 
{•cr os, also for the purpose of obtaining a higher con- 
centration of hepatic glycogen and lower fatty-acids than 
was usually present on this diet Groups 16 and 17 
Table II) recewcd no food but were permitted water 
or the period of time designated m the Table. To the 
rats in Group 17, 100 mgm of choline (as choline chlo- 
ride) in solution was administered, per os, daily for three 
days preceding the wathdrawal of food, and also during 
the pcnod of starvation 

The chloroform, for anesthesia, w'as ^olatllI^ed m 
a Gwathmay three chamber lolatihzmg apparatus con- 
nected to a glass manifold leading to five percolator yars, 
each large enough to hold one rat Qaraps regulated 
the flow of the chloroform-air mixture led into each 


chamber A b%-pass, for air alone, led a constant supph 
of air to each jar Thus each rit was maintained in a 
uniform state of anesthesia at a Icicl -it which there was 
complete absence of moi-cmcnt The depth of anesthesa 
was best judged by the moiements of the tactile hairs 
(whiskers), the moieracnt of which becomes slower the 
deeper the anesthesia. The period of anesthesia was 
uniformly one hour 

Twenty-four hours (except where noted) after the 
anesthesia with chloroform, about 50 mgm of sodium 
amytal was administered mtrapcntoneally The abdomen 
was opened and, very rapidly, the caudate lobe of the 
luer was remosed and placed in alcohol, later to be 
treated with Best’s carmine stain, and a portion of the 
posterior lobule of the right lobe was boiled m a weighed 
amount of potassium hydroxide and later reweighed for 
glycogen determination The remaining lobes were then 
removed, freed of extraneous tissue, and excess blood 
allowed to drsin out The left lobe (about 25 to 33 
grams) was used for lipid analyses, the median lobe for 
solids, and the remainder of the nght lobe was fixed m 
formalin for Sudan IV and hematoxylin and cosin stain- 
ing Glycogen was determined by the method of Good, 
ICramer, and Somogyi (10), using the Shaffer-Hartraan 
reagent Number 2 (11) for the dctermmation of glucose 
after hjairolysis Total fatty acids were determined on 
the alcohol-ether extract of the liver by Long’s (12) 
modification of the Stoddard and Drury method (13) 
Liver solids were obtamed by drying the sample at lOO" 
C. for 36 hours Precisely the same histological and 
chemical procedures were employed with the normal con- 
trol rats 

The criteria employed in the histological examination 
of the tissues were as follows By the term degenera- 
tion is meant that, to a varying degree, the hepatic cells 
have undergone considerable swelling often to several 
times their normal size. The cytoplasm has a hyaline 
appearance and does not stain sharply vvith hematoxylin 


TABLE I 

Composition of diets 



• Kindly supplied bv the \^tamin Food Companv, New York City 

■) Casein Number 4S3, Casein Manufactunng Company of Amenca, New York City, extracted thoroughly with 
alcohol and ether 

J Sait mixture 1S5, McCollum E V and Simonds, N , J Biol Chem , 1917, 32, I9I 
•' Kindly supplied by Mead, Johnson and Company, Evansville, Indiana 
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TABLB n 


Did compontwH of Iner and hepatic damate 24 hours after chloroform anesthesia 





Control 

1 



Expeif mental 






Un>nr*rhettaed | 



Aneat he tired 




Group 

mnnbCT 

met 

Nmn 

Avertce 

Artnce 

Nintv* 

Averace 

Aeeiace 

Nnmbcr 

abowliu 

deteoei 

1 adon 

Number 

Total 

Remarb 



ber of 


fatty 

ber erf 


fatty 

with 

dam 




r»U 

fcn* 

•fldst 

rata 

r=i* 

1 addft 

aeonala 

aced 





WJSSM 

per ents 


per ami 

, per ct*l 



per tens 



Stock 

19 
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2 
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22 

1 8 

1 11 0 
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: 0 
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1 9 
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0 

30 



III 

9 

5,5 

13 2 

22 

2 1 
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4 

36 



II 

4 

1.2 

17 0 

8 

04 

13 7 

BH 

2 

63 

Killed 48 hours 


II 

2 

1,5 
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8 

09 

24 1 


3 

88 



VIII 
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21 7 

2 

OJ 

39 0 

0 

2 
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1 4 
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1 

5 

86 
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8 
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* Glyct^en ib exprcsted u percentage of the wet weight of the liver 
t Fatty acids are expressed as percentage of the dry weight of the Irver 


and coshu The cell ootlmei are, in the mam discrete, 
but they are, at times broken, so that the botmdarics 
between the cells may not be ibarply defined. The midci 
are often pykootic. The appearance Is that which one 
would expect if groups of cells had become markedly 
edematous, in the midst of others which appeared to be 
normal. 

Where necrosis Is reported the nuclei are greatly dis 
torted or destroyed. Tht cell outlines have disappeared 
and the necrotic aooe is in a state of complete dUor 
ganuation. Obviously necroils and degeneration fre 
quently exist together In many instances the necrosis 
IS 50 extensive that the degree of assoaated degeneration 
can not be estimated with any degree of accuracy 

In the lections from livers m which fat has completely 
infiltrated the hver cells, it is at times difficult to state 
the exact extent of the necrosis. If no normal liver 
cells are present, and the cells between massive areas of 
fatty infiltrabon are necrotic, h is assuroed that extensive 
necrosis is present This is espcaally the case where the 
outlines of the fatty infiltrated ccDs are in part destre^rd 
and the nucld which are pushed to the aide by the fat 


droplets have undergone extensive change or been de- 
stroyed. 

Tbe histologKal abnormalities arc reported as degen 
erabon, when this alone was found at necrosis even 
though degenerabon was alio present No attempt is 
made to indicate the extent of the particular degree of 
damage. 

EXPERIMENTAL 

By altenng the dirt (Table I) groups of rats 
were obtained whose hepatic lipid vaned over a 
wide range (from 8.6 to 62 4 per cent of fatty 
aads by dry weight), and m which the gljxogen 
of the liver was high or low at any given level 
of lipid concentration At comparable fat levels 
the glycogen concentrations m the livers vaned by 
200 to 600 per cent The protein content of the 
rations vaned considerably, above and below that 
usually offered to growing rats. Furthermore, 
the dietancs have been so far as is possible, dc- 

/ 
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\TScd SO that data can be compiled (Table II), 
from which the role of each of the foodstuffs, and 
Its resulting Iner constituent, can be e%-aluatcd 
without being pertinently affected bj the others 
In Table II the \'anous groups of rats which 
had receded the diets in Table I ha%e been ar- 
ranged m an ascending order of the aierage per- 
centage content of fatty acids in their Iners In 
Table III (Compilation 1) the data ha\e been ap- 
portioned into three groups in whicli the initial 
a\cnige concentration of fatty aad was low (10 5 
per cent), at a medium level for our senes (24 1 
per cent) and high (49 7 per cent) It wnll be 
noted that the a\erage initial concentration of 
gl\ cogen in the luers of these groups did not 
differ great!}, namely, 49, 4 5, and 3 7 per cent 
rcspectn ely The percentage of rats w'hose livers 
showed damage was 21 per cent in the low fat 
groups, 92 per cent at the medium, and 100 per 
cent at the leiy' high level , livers the cells of which 
exhibited only degenerative changes are included, 
as w ell as those showing necrosis The inadence 
of necrosis in the three groups was 8 per cent, 63 
per cent, and 97 per cent The inadence and the 
sev ent} of the damage to the hepatic cells twenty- 
four hours following one hour of chloroform an- 
esthesia increased progressively with an increase 
m the concentration of fatty acids in the liver 
This IS also apparent in the compilation of the 
indmdual groups of rats in Table II 

A further analysis of the data consisted of a 
div ision into groups w ith an initially high and low 
concentration of hepatic glycogen, in an effort to 
reveal the possible effect of tins constituent of 
the liver in affecting its susceptibility to injury 
b} chloroform The grouping is somewhat arbi- 
trar}, but, we believe, fair A concentration of 
gl} cogen of 5 0 per cent or abov e has been consid- 
ered high and concentrations less than 5 0 per cent 
as low In our expenence in the rat, an average 
of 5 5 per cent of hepatic gl} cogen results from 
balanced diets high in carboh} drate, as illustrated 
by our “ stock ” ration and Diet I 

The first anal} sis (Table III, Compilation 2) 
of tlie results, on this basis, includes all of the 
data in Table II The average initial concentra- 
tions of gl} cogen are 5 7 per cent for the high 
groups, and 2 2 per cent for the low Anes- 
thetization vnth chloroform in the former group 
(109 rats) was followed b} degeneration or 


necrosis of the liver in 33 per cent of the nts 
In the second group (68 rats) with lower hepatic 
glv cogen, 82 per cent showed hepatic mjun Of 
the total percentage exhibiting hepatic cellular 
damage, necrosis was found in 25 per cent of the 
livers with high initial (before anesthesia) gl}- 
cogen and 56 per cent witli the low Conclusions 
from these results are invalidated b} the fact tint 
the average fatty acid concentration in the group 
high in gl} cogen was 15 7 per cent, whereas it 
was 34 0 per cent at the lower level of glycogen 
Since the prevaous analysis of the data showed an 
increase in liver injuiy' with increased lipid con- 
centration, It became necessarj' to select from the 
data groupings in which the initial average fatty 
acid concentration was about the same Tins was 
accomplished by eliminating the groups with verj' 
high and low concentrations of hepatic fatty acids 
before anesthesia, thus restncting the range be- 
tween 11 and 27 per cent Two groups arc thus 
obtained, one vvitlr a hepatic glycogen of 6 2 per 
cent and with 184 per cent of fatty acids, and 
another with an average of 2 0 per cent glycogen 
and 19 3 per cent of fatty acids In this arrange- 
ment of the data, the 39 rats high in glycogen 
showed a total inadence of hepatic injury of 62 
per cent (13 per cent degeneration and 49 per cent 
necrosis), and at the lower level of glycogen (42 
rats) 71 per cent of the livers presented histo- 
logical evidence of cellular abnormalities (40 per 
cent degeneration and 31 per cent necrosis) 
These figures fail to show' that a high concentra- 
tion of hepatic glycogen, ficr sc, confers a pro- 
tection against the hepatoxic action of chloroform 
in rats with the same medium concentration of 
fatty acids In fact the seventy of the lesions in 
the high glycogen group is slightly greater than 
in the low 

In evaluating the adv'erse effect of a high 
hepatic lipid content and the advantage, if any, 
of a high gl} cogen content the data as a whole 
have been arranged graphically In Figure 1 the 
percentage inadence of liver damage in all of the 
rats in Table II has been plotted along the ab- 
sassa, and both the hepatic fatty acid concentra- 
bon and the glycogen as ordinates The fatty 
aad concentrabons group themselves very closely 
along a straight line which slopes upw-ard with the 
increase in the percentage of injured livers This 
indicates a progressive additional incidence of 
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Comptlalton of data from TaUc II 
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Jaff^ /cids • 



Fig 1 Chlohoforii Injury to Liver in Relation to Liver Lipid 
AND Gltcocen 


damage to the Iner as the hepatic Iipid is in- 
creased No similar relationship exists between 
the hepatic glycogen and the inadence of hepatic 
damage The glycogen, therefore, exerted no ap- 
icnt influence upon the susceptibility of the 
ncr to the toxic effects of the chloroform When 
the fatt)-aad content reaches about 25 per cent 
all of the livers exhibit, to some degree, histo- 
logical evndence of damage 

The Tanous groups of rats are next appor- 
tioned (Table III, Compilation 3) into those with 
relatn elj high and low content of protein in their 
rations Diets which denved 17 per cent or more 
of their total calonfic value from protein were 
considered to be high in that foodstuflt This in- 
cluded the “ stock ” ration and Diets I, II, III, 
and VI Seventeen per cent of the calones from 
protein is ample for the requirements of young 
growing rats The diets low in protein contained 
but 10 per cent or less (Diets VII and VIII) of 
their calones as protein This is distinctly less 
than IS necessarj' to maintain good growth in the 
}oung rat On this basis the data in Table II 
have been analyzed to determine the effect of the 
protein content of the food upon the resistance of 
the liver to the effects of chloroform 

Two analy ses of the data hav e been made The 
first includes all of the rats in Table II The 
hepatic fatty aad concentrations, in the two groups 
so obtained, differ so greatly (12 6 and 41 3 per 
cent) that no conclusions as to the action of the 


protein would be justifiable It was necessary, 
therefore, to select groups of rats with comparable 
concentrations of hepatic hpid This was accom- 
plished by utilizing only those groups of rats with 
hepatic fatty acid concentrations ranging between 
17 and 27 per cent The average initial fatty aad 
concentration in the control rats, which received 
no chloroform, was 22 3 per cent in the animals 
which received a high protein diet, and 23 5 per 
cent in those whose rations were low in calories 
from protein Of the 32 rats on the higher pro- 
tein intake, the livers of 84 per cent were histo- 
logically abnormal following chloroform anes- 
thesia Hepatic cellular injury occurred in 94 per 
cent of the 17 rats on the diet low in protein 
This difference is of doubtful significance The 
marked and significant difference is to be found 
m the severity of the cellular changes In the 
high protein group, areas of hepatic cellular nec- 
rosis were found in but 41 per cent of the rats, 
while in those which received a ration low in pro- 
tein, necrosis w»as present in 88 per cent of the 
livers It would appear that, although a high 
protein diet may not markedly affect tlie total in- 
adence of hepatic damage due to chloroform, it 
does deadedly reduce the degree of the injury 
This protective action of a diet high in protein 
reveals itself in animals whose livers contained a 
rather high lipid content (22 per cent) The 
average hepatic glycogen concentration m the ani- 
mals on the higher protein intake was 1 9 per cent. 
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and 69 per cent on the loner Therefore, the 
low protein animals had whatever advantage may 
accrue from a high hepatic glycogen content. 
Nevertheless, the high content of hepatic glycogen 
failed to exert a beneficial action of suffiaent de- 
gree to become apparent m the presence of the 
detnmental effect of the low mtake of protem 
and the same high hepatic lipid. 

The shghUy lesser percentage of necrosis in the 
rats with low hepatic glycogen (2 0 per cent) in 
the second grouping of Compilation 2 (Groups 3, 
5, 6 , 9, and 11) is probably due to the fact that 
the rations of these rats were all high m protein 
calones 

Inasmuch as the data show that dietary protein 
exerts a protective action against the toxic effects 
of chloroform upon the liver it becomes necessary 
to re-exatnine the data bearmg upon the action of 
a high hepatic lipid or glycogen content, in the 
analysis of which this factor was not taken mto 
account The smooth slope of the hne which 
passes through the fatty aad concentrations in 
Figure 1 would mdicate that other factors influ 
enced the susceptibility of the Irver to injury to a 
lesser degree than did the hepatic hpid 

Additional evidence will be presented m which 
the factor of the protem is controlled. In Cora 
pilation 4 of Table III all of the data were de- 
nved from dietaries in which the protem was 
high. It comprised 17 per cent of the total calo- 
nfic value of each umt amount of the ration, ex 
cept m one group of rats (Number 3 Diet VI 
Tdble II) in which it was 83 per cent In sub- 
stantiation of the previous analysis of the data 
the mcidence and seventy of hier damage in- 
creased with an increase ra the hepatic fatty aad 
concentration Although the hepaPc glycogen 
concentrahons are not the same in this compda- 
tion none are very loiv and no evidence ra these 
expenments indicates that this factor is of im 
portance 

The influence of the hepatic glycogen content 
IS also again analysed in groups of rats which 
were fed rations comparable with respect to pro- 
ton (Compilation S Table III) The total raa 
dence of histological nbnormahty was 36 per cent 
in the rats with high glycogen (5.S per cent) and 
44 per cent in the low (15 per cent) Necrosis 
was found m 18 per cent of the hvers with the 


high glycogen content and 11 per cent in those 
with the loiv These differences are of no sig 
nificance. The average imtial hepatic fatty aad 
concentration, namely 13 to 14 per cent, is con 
siderably less than in the previous compilation 
(Number 2), consequently the damage from the 
ehloroform was not so great Therefore, any 
protective action of the hepatic glycogen should 
have a better opportumty to reveal itself Despite 
this fart, and with the same high level of protan 
m the food, the glycogen content of the hver failed 
to show any protective action 

The effect of withdrawal of all food, except 
water for twenty-four hours preceding the ad 
ministration of the chloroform was determined. 
This length of time without food has a profound 
effect m depleting the hepatic glycogen of the rati 
In the two groups of control ammals (Numbers 
16 and 17 Table II) it was reduced to about 0 1 
per cent The anesthetiied rats were offered no 
food dunng the twenty four hours following the 
anesthesia, when they were sacnficed Hence, the 
final concentrations of hepatic glycogen and fatty 
aads are to be compared with those m the con 
trol animals starved for forty-eight hours To 
one group of rata (Number 17) choline chloride 
was administered ra an attempt to prevent the 
increase in hepatic lipid which attends starvation. 
Since this procedure was not successful, the two 
groups are analyzed together (Compilation 6 
Table III) 

The madence of hepatic cellular injury in the 
starved rats is compared with that which was found 
in fed ammals mth the same imtial hepatic fatty 
aad concentration but inevitably much higher 
glycogen levels (Groups 4 and 5, Table II) 
Ninety fiir per cent of the livers of the stan-ed 
groups (20 rats) were histologically abnormal in 
90 per cent areas of cellular necrosis were found. 
The fed group (30 rats) showed but 43 per cent 
of damaged livers with 20 per cent necrotic. 
The hvers of the starved rats, therefore, were 
more susceptible to the effects of chloroform than 
those of the fed anunal with the same low con- 
centration (14 per cent) of hepatic fatty aads 
The extent and seventy of the damage to the liier 
of the starved rat is almost maximal and nearly 
equivalent to that ra a fed animal inth the highest 
(497 per cent) concentratida of hepatic hpid. 
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DISCUSSION* 

Regardless of the reasons for the toxic action 
of chloroform upon the cells of the Iner, the c\a- 
dence presented shows that the incidence and de- 
gree of the injury increases with the concentration 
of lipid in the Iner A high fat intake increases 
the amount of fat deposited m the Iner Hence 
a causal relationship is established between our 
results and the preMOUs finding, that a high fat 
diet increases the susceptibility of the Iner to 
injury by chloroform (3, 4, 5), and, according 
to DaMS (14), also by carbon tetrachlonde The 
data which are presented here sen'e as a firmer 
basis for the following proposed explanation of 
the mechanism of this phenomenon 
A rational explanation of the greatly increased 
susceptibility of a fatty liver to damage by chloro- 
form w'as suggested by Wells m 1908 (8b, 8c) 
The fact that, clinically, chloroform seemed par- 
ticularly to affect fatty livers (15), added to the 
well known solubility of chloroform in fats, led 
Wells to state " It w'ould seem probable there- 
' fore, that a fatty liver w^ould abstract much more 
iloroform from the blood than a normal liver 
a that the chloroform would thus act more 
strongly and for a longer time on the protoplasm 
of the fatty liver cells than it would in a normal 
liver ” Opie and Alford (3b) accepted this ex- 
planation as probable, and pointed out that nec- 
rosis by chloroform occurred around the central 
Aein in the lobule of the liver, w'here fat is de- 
posited most abundantly 

The following clanfication of the Well’s hy- 
pothesis is suggested The fat wnthin the cells of 
the Iner acts as a resenmir for the chloroform, 
therefore, a concentration suffiaent to produce 
injuiy wall be maintained dunng a prolonged pe- 
nod of desaturation Final proof of this hy- 
pothesis wall rest upon the chemical determination, 
following anesthesia, of the relative amounts of 
chloroform in Iners wath different contents of 
lipid On “ a prton ” grounds the lugh distnbu- 
tion coeffiaent of chloroform beU\een fat and 
water would make it quite certain that adequate 
chemical methods would reieal concentrations of 
cliloroform corresponding to the amount of lipid 
in the hepatic cells 

The data reieal no e\adence that the level of 
the hepatic glj cogen, per sCj at the time of anes- 


thesia, influences the toxic action of chloroform 
No plausible theoiy has been adianccd to explain 
the protection conferred upon the Iner In a high 
carbohjdrate diet The In-pothcses which ha%c 
been adi-anced to explain this protection all implj 
that it IS due to the abundant and read) siippU 
of energv made aa-ailable bj the increased de- 
posits of hepatic glj cogen which result from the 
diet 

The work and concepts of Roscnfeld (7) led to 
the suggestion that the administration of gliico'^e 
might be of anluc in the preaention and treatment 
of necrosis of the liver b}' cliloroform used for 
anesthesia (16) 

He (7a, 7d) found that, m a aairicty of physi- 
ological and abnormal conditions, including poi- 
soning by chloroform, in wdiich the hepatic gly- 
cogen stores are nearly exhausted, there results 
an infiltration of fat into the liver Tins occurs, 
according to Rosenfeld, because in the absence 
of glycogen, lipid, transported from the fat depots 
to the liver, accumulates there, since it cannot be 
burned unless carbohydrate is available and oxi- 
dized simultaneously From these and other con- 
cepts, Rosenfeld (7b) concluded that, if the ani- 
mal receives carbohydrate, the energy' needs of the 
liver, increased as a defense against a noxious 
substance such as chloroform, w'lll be satisfied, 
the liver w'lll be protected, and hepatic fatty - 
infiltration prevented Rosenfeld (7d) stated 
that the detoxifying power (" cntgiftendcn 
Fahigheiten ”) of the liver is the greater the 
richer its content of carbohydrate 

Opie and Alford (3b) suggested that the nec- 
rosis produced by chloroform, phosphorus, and 
similar substances is perhaps the anatomical ex- 
pression of advanced disintegration of body pro- 
tein Hence, carbohy'drate may be of value in 
limibng the necrosis due to chloroform by exert- 
ing its recognized function of sparing body 
protein 

The impliat assumption in all previous con- 
cepts IS that the depletion of hepatic glycogen by 
chloroform is due to an increased combustion, in- 
ferentially in the Iner An increased glycogcn- 
olysis does occur in the Iner of both the dog (2) 
and the rat follownng anesthesia with chloroform, 
wnth the result that the stores of hepatic glycogen 
are reduced or almost depleted , an hypergly ccmia 
IS an imanable accompaniment The behawor of 
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the blood siigar m relation to the glycogen stores 
in the liver does not suggest that utilization of 
glucose IS proceeding at a greatly heightened rate 
the sugar in the blood may be above its pre- 
anesthetic level for h%enty four hours, even 
though the hepatic glycogen is almost depleted at 
the end of this penod of time (2) This would 
seem to be best explamed by an inability of the 
hepatic cells to retain glycogen, rather than by the 
needs of a heightened metabolic activity of the 
hepatic cells as suggested by Rosenfeld (7b) 
The existence of a deranged capacity of the liver 
to deal with carbohydrate is supported by the 
finding (2) that glucose administered by stomach 
tube twenty-four hours following the anesthesia 
results in less deposition of hepatic glycogen than 
in the normal dog 

The same type of reasomng may be applied to 
the accumulation of lipid in the liver as a conse- 
quence of chloroform inhalabon insofar as it is 
dependent upon carbohydrate utilization by the 
liver In the dog it has been found that fat 
begins to accumulate in the liver at the end of a 
one or two-hour penod of anesthesia with cbloro 
form at a time when considerable glycogen is still 
present in the liver (2) Therefore the early 
fatty infiltration dunng and unmediately follow- 
ing the anesthesia cannot be explained solely on 
the basis of a deficiency of carbohydrate to bum 
it, as claimed by Rosenfeld (7d 7e) if the glucose 
available m the hepatic glycc^cn is capable of 
combustion For the same reason the mitiabon 
of the transport of Iipid to the liver by the blood 
from the fat depots in this early penod cannot 
be due enbrely to a depletion of hepabc glycogen 
Analysis of the data in this paper shows no 
greater infiltrabon of hpid into the liver of tlic 
rats wnth mibally low than m those \nth high 
hepabc glycogen. 

The hj^theses which assume that glycogen 
per se is effecbve in proteebng the liver against 
the acbon of chloroform receive no support either 
in these considerabons of the behavior of the 
hepabc glycogen and lipid and blood sugar or m 
the data on the inadence and seventy of damage 
to tJie liver with high or low content of glycogen 

It would seem that the explanabon of the pro 
tecbve action of a high carbohydrate diet must he 
in some concomitant effects produced by large 
deposits of hepabc glycogen. As already stated 


Rosenfeld (7a 7b) found that, under many con 
dibons jn the body depletion of hepabc gl^xogen 
IS followed by an increase m fat in that organ 
and tnce versa Evidence already presented (2), 
and instances m this paper of a coexistence m the 
h-NW of a high concentrafaon of glycogen witli a 
high hpid content (Table II, Groups 7 8 10, 
and 12) and other data to be published later, 
show that the reaprocal relabonship of Rosen- 
field (7d) IS not an invanable rule. However, 
wc have found in both the dog and the rat that 
a diet nch m carbohydrate, and, in the rat at least, 
adequate in protein, produces livers which contain 
maximal concentrabons of glycogen but mimmal 
mneentrabons of fatty acids The “ stock ” diet 
and Diet 1, Table I are examples of such die 
tanes the concentrabon of hepabc glycogen and 
hpid of normal rats fed with these rabons is 
shown m Table 11 Our experience has shown 
that in the normal dog or rat a high carbohydrate 
mtake, in an otherwise balanced dietary will cause 
the hepabc hpid if high, gradually to dimmish 
m amount 

The suscepffbility of the liver to injury by 
chloroform is markedly enhanced by the presence 
of small mcrements of fat (Compilabon 4 Table 
II), hence it would seem plausible to conclude, 
smcc glycogen as such is ineffective even at low 
levels of hepabc hpid (Compilabon 5, Table II), 
that the proteebve acbon of a high carbohydrate 
diet IS chiefly due to its effect m reduang hepabc 
lipid This hypothesis would sabsfactonly ac- 
count for the reported failure to obtain proteebon 
fnim mjury by chloroform when glucose is admin 
istered dunng the anesthesia (4) 

Compansons of tlie rclabvc proteebon offered 
by a carbohydrate and a high protein diet are 
fuble unless the fat contents of the livers arc 
known In the final analysis, the comparabve 
proteebve values to the liver of the foodstuffs 
against chloroform resolves itself into the positive 
acbon of dietary protem verj^ts the increased sus 
ccpbbiUty due to hepabc hpid 

In view of the high degree of proteebon which 
an abundant protem dietary confers upon the hver, 
it must be conceded that carboftydrate tna> also be 
of value under condibons in which it can act as 
a sparer of protein 

In contrast to this indirect acbon of catbohy 
dratc m decreasing the damaging effects of chloro- 
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form upon the hepatic cells, the protecbon af- 
forded protein Mould appear to ^ more direct 
and related to some intnnsic N’alue of the protein 
Itself Pertinent, in this respect, is the finding 
(Compilation 3, Table II) tliat a pre^^ous high 
protein diet protects the Iner against necrosis by 
chloroform at a high level of hepatic fattj acids 
(22 per cent) This would indicate that the pro- 
tein factor, whatc\er it may be, is a ytvy potent 
one, for it can counteract, to some extent, the 
untoward effects of a high hepatic lipid, which 
means that it is effective under conditions in w’hich 
a ver}'- severe injui^' by chloroform usually occurs 

iMoise and Smith (5a) also found that the ex- 
tent of the necrosis is less in rats on a high protein 
than on other diets It may be significant that 
in the present experiments, as well as m those of 
Moise and Smith, casein constituted the protein 
which was fed Davis and Whipple (4) also re- 
ported that, in the dog, skim milk or casein are 
verjf protective, w'hile skeletal and cardiac muscle 
are less so Opie and Alford (3b) found a 
greater toxiaty of chloroform in rats fed solely 
meat than m those given a high carbohydrate diet, 
and concluded that protein is less protective than 
carbohydrate 

Although the protein action is probably a di- 
rect one, certain facts at hand, soon to be pub- 
lished, show that the level of hepatic lipid and 
glycogen are markedly affected by the amount of 
protein in the diet Best, Channon, and their co- 
workers (17) have reported, and we have con- 
firmation of their finding, that a high protein 
dietary is conduaie to a lesser deposition of liver 
lipid (ir. Diet VI, Table II), than is a low 
protein intake (i e , Diet VIII, Table II) Here, 
then, as in the case of a high carbohydrate diet, 
tlie le\el of protein in the dietarj' may affect the 
stores of hepatic Iipid It is also apparent from 
the results obtained from feeding Diet VIII 
(Table II) that a low' protein intake may lead to 
an increase of Iipid in the liver, despite the pres- 
ence of an excess of carbohydrate calories This 
factor is not invoked m the discussion in this 
paper for the compansons of the high and low 
protein diets are for rats wnth about the same 
concentration of hepatic fatty acids 

The mechamsm by which the protein of the 
diet aids the Iner in resisting the necrotic action 
of chloroform, wath our present information, can 


only be a subject of conjecture, although this 
problem is being pursued at present in our laliora- 
tones 

The question of protein storage in the bodj, 
on a high protein diet, becomes of particular 
importance in relation to the protection conferred 
by such a diet, especially if we assume tliat it is 
due to protein, per sc It is of interest that in- 
vestigators m the field of protein storage haic 
invanably directed their efforts to the Iner as the 
most probable storehouse for protein Recently 
the problem has been investigated by Luck (18) 
He found that in the rat, on a high protein intake, 
in accordance w ith previous results, the total pro- 
tein content of the li\er, as well as the amount 
per unit of w'eight is increased abo\c that found 
on a low protein diet Addis, Poo, and Lew ( 19) 
in a study of the loss of protein from various 
organs and tissues of the body during a fast 
found that the liver loses so much more of its 
onginal protein content than any other organ, 
that It “ suggests that it may be a depot for 
stored protein and that this speaal sort of protein 
may be used during fasting in much the same 
manner as glycogen is used dunng a fast ” 

It would seem that there is some basis for be- 
lieving that a high protein diet previous to liicr 
injury by chloroform may make available stores 
of protein wnthin the body This protein, stored 
or elaborated into hepatic or other body tissue, 
may serve to protect the cells or to replenish a 
structure whidi is being attacked Which of these 
alternative mechanisms is operative is impossible 
to deade at present It may, however, be sup- 
posed that either the available stores of protein 
prevent or ameliorate the destructive action of the 
chloroform or that the damage which occurs is 
rapidly repaired and does not proceed to necrosis 
It will be recalled that the data show that the 
mam result of a high, as compared to a low , pro- 
tein diet is to decrease the inadimce of hepatic 
necrosis The two processes of d^age and re- 
pair might be conceived as proceeding Xthc same 
time 

The greatly increased susceptibility of 
of the starved rat to necrosis by chloroform, 
dent in the data we have presented, is in accort 
with the prewous findings of Davis and WhipplcX 


(4) and of Smith and Moise (5b) Since the \ 


inadence and decree of the hepatic damage caused 
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chloroform is much greater m the rat which 
has received no food for twenty four hours than 
that in the fed animal with the same low con 
centration (14 per cent) of hepatic fatty aads 
the greater susceptibility of the former animal to 
hepatic injury is probably not due to differences 
in the hpid content of the liver The evidence 
already presented m this paper makes it very 
doubtful that the low hepatic gljrcogen, per se 
of the starved animal is the factor responsible for 
the greater vulnerability of the liver 

In view of these deductions and the importance 
of the protein factor it would seem that the most 
probable deficiency m the unfed animal, responsi 
ble for the mcreased susceptibihty to mjury is its 
stores of protein which have been shown to be 
diminished in the body tissues and espeaally in 
the hver when the rat is starved (19) This 
conclusion is m harmony with our findmg of 
mcreased hepatic cellular damage m rats on low 
protem diets as compared to those wluch received 
a high protein ration 

The constituents of a balanced diet which b) 
altenng its composition confer protection upon 
the liver are the protein probably directly and 
the carbohydrate indirectly by conditioning the 
content of hepatic lipid The starved animal en- 
joys to only a slight extent, or not at all, the ad 
vantages to be derived from either of these dietary 
factors It would follow that if carboh>*drate 
alone were fed, it may be protective to the liver, 
by virtue of its indirect action as a sparer of pro- 
tein- This result would depend upon the length 
of time the carbohydrate is fed for as previously 
stated the absence of protem mtake predisposes 
to fat deposition m the liver which might offset 
the advantage denved from a small amount of 
conserved proteuL 

The work of Davis Hall, and ^VhlppIe (20) 
and Daft, Robschat Robbms and Whipple (21) 
is of mterest m this discussion They produce 
evidence from which they conclude tlmt in a 
starved dog the protem spht products ” which 
usually appear m the unne m mcreased amounts 
following chloroform anesthesia ma> be partallv 
‘ conserved by the administration of g!ccc««; 
and are thus made available for regeneration, since 
they find under these conditions a more rarc^ 
regeneration of the liver cells than m a starved 
dog not given glucose. Thej make a shir^ cs- ! 


2^1 

tincbon between this of protein 

tion of carbohydmte n^uiel) a conseTV^t>''^\ 

protem split products " 

carbohydrate, iiisleml of protein is u*ilv! nI 

energy production, when glucose is tx A 

starved animal, and thus spares the -At 

Its source ' Tlrt-'c findings constitute aw ewVlv 

lent example of the protein sparirg a'tx sX V't 

carbohydrate under conditions m nhwh 

tern is nctxlwl for budding of new K-s\\ Xiv't\w\ 

Regardless of how the protem is ^parwl or xx*i 

lizcd, It cmpl»<i-e< the importance of pix^eux xw 

the condition under di'^ssion and the xvSlc whi'h 

carbohjdratc nvn\ ha\*e m its conserxatwvx 

It u-ould be unwise to gcncraliie our tuvluXg'v 
One might expect to find that the de-i^rxw'tw nss 
bon of ah fat soluble hepatoxic agents wvxxll 
affected bv the airoant of hepatic htnd \xx adc' 
quate high carbohydrate diet, hi virtue of XlA tf* 
feet m loatnng the hepatic lipid CvMUeut UU^^ht 
decrease ihemadencc and seyentv iif the kUuvVcc 
to the liver A high protem diet nu^ht be px\'t\\> 
bve agamst the necrotic action of hrptN’^ tvxx^vMXt 
regardless of their fat solubilitx and v vrKvlkMlntt: 
admnustrsticm, under conditions in whit^l It 
spared protem might be coiurquyutU ndv -uun^irc* 
ous Since the site and perlntx'i tin nwvh wf 
bon of the vanous hcpaUv\K mx> 

differ, It would seem ndH'^iWe to ewuuuc eidi 
one m the light of llip nlioie slaUvl isvvMhihho*. 
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Iipid content of the lucr v,hich results from such 
a diet Under certain conditions, i c , inanition, 
administration of carboh^ drate ma} ^ er}’’ probably 
also protect the Iner by virtue of its protein spar- 
ing' action There is no evidence that the deple- 
tion of hepatic gl} cogen by chloroform is assoa- 
ated Mith the metabolic requirements of the Iner, 
but IS probably a manifestation of an effect -of 
the to\ic agent 

4 A high protein diet, previous to the anes- 
thesia iMth chloroform, markedly reduces the ma- 
dence of hepatic cellular necrosis, even in livers 
Avith a high lipid content, and, therefore, in the 
face of a severe attack by the chloroform Re- 
gardless of whether this is due to a protection 
against injury in the first instance, or to a less 
intensive lesion due to a rapid regeneration, pan 
passu wth the injury, it would seem to be best 
explained as being primarily the result of protein 
available to the liver as a result of the high protein 
intake 

5 Rats, starved for twenty-four hours pnor to 
one hour of chloroform anesthesia, exhibit in al- 
most all instances some degree of hepatic injury, 
largely necrosis The incidence and degree of 
the damage is greater than in fed animals with 
the same content of hepatic lipid Tentatively, it 
is suggested that the increased susceptibility of 
the stan'cd rat is pnncipally due to its depleted 
protein stores 
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The nature and etiology of leukemia are uti 
known ' (1) Some authors (2, 3, 4 5 6, 7 8) 
are in favor of classifying the leukemias as malig- 
nant neoplasms of the blood forming organs be 
cause of the formation of leukocytes m unaccus- 
tomed organs, the new growth of leukemic tissue 
and the flooding of the blood stream with abnor 
mal primitive cells Others (9) prefer to con- 
sider leukemia as a type of benign tumor forma 
tion or tissue metaplasia or simply as an excessive 
unregulated production and outpounng of essen 
tially normal young tissue cells To solve the 
problem by means of tnorpJiologtcal histology has 
proved impossible (10) 

A new approach to this question was opened, 
however, by the methods of celltUar physiology 
and this paper presents expenmental results ob- 
tamed by these methods, which, it seems to me, 
give an unambiguous and defimte answer to the 
question of the nature of leukemic cells 
As Warburg (11) has found cells of benign, 
and to an even greater degree of raahgnant tu 
mors differ fundamentally from normal cells in 
their energy supplying metabolic reactions In 
all normal undamaged animal cells the magmtude 
of the oxidative metabolism is considerably greater 
than tlie m agmtude of the glycolytic meta bolism 
and, under aerobic conditions^ no^^spht^g^f^gar 
into lactic jiad_(glycolysis) occurs In the me 
tabohsm of bemgn tumor cells and even more of 
cance^celts the respiration-glycolysisjatio is dis- 
turbed the rate of glycolysis is high as compared 
to the rate of respiration and a great amount of 
lactic aad is formed under aerobic condifaons 
This aerobic glycolysis however, may have a dif- 
ferent ongin, it can be produced, for example, 
by poisoning the cells with (^^amde, carbon monox 
ide, or arsemous aad by vanous injunes leading 
to the gradual death of the cell, or in the more 
sensitive organs simply by keeping the tissue m 
Ringer s solution instead of its o^m plasma, 
A^bic glycolysis as such then is not specific 
for malignamy, but rather the fact tliat the cancer 
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cell can live and grow by its persisting glycolytic 
metabobsm under aerobic and anaerobic condi- 
tions whereas aerobic glycolysis m mjured cells 
18 only a metabobc phase of their dying off If, 
therefore under physiological expenmental condt- 
tw»s the detertmnaiion of the cell metabolism 
reveals aerobic glycolysis of sero, U ts certain that 
the tissue examined is nonnal and not cancer tis- 
sue whereas the positive fndtng of aerobic gly 
colysis need not be specific for cancer cells but 
may charactenxe either cancer metabolisui or the 
dying off of any tissue within or without the body 

Since the rtsnlts of experiraenU on the metabolom of 
white blood ctlli axe acattertd through the Uterattire and 
there is no cntkal aurvty on the lultafaiKty or inade- 
quateness of the methods emplcTed, it seems advisable to 
give a bibliographical renew on this subject 
Grafe (12) examined the blood of lenkemic patients 
and showed that white blood cells have a high^oxidathre 
ii:Rbd20lism. 

Levene and Meyer (13) were the first to show that 
leukocytes have a high glycolytic activity This ^vas con- 
firmed by Burger (H)‘ToFnfCkemkUeiikocyte*. 

Bakkcr (15) examined exudate leukocytes of rabbits, 
comparing their oxygen consurapUon and their glycolysis, 
and found a small rate of respiration together with high 
aerobic glycotysu He concluded from these findings 
that white blood cells have conerr metabolism 
Fleiscfamitm and Kubowitz (16) measured the 
metabolism of leukocytes f rom the blood of g eese and 
from exudate of rabbits and found, like Bakkcr In both 
Instances high aerobic glycolysis But since the aerobic 
glycolysis was higher in the white cells from exudate 
than m those from blood, th^ concluded that aerobic 
glycolysis in leukQcytei-u not a -proof of cancer nietabo 
Itsm b ut only a^ sy^toouif injury ai leukocytes will die 
off more rapidly in exudates than within the blood vessels, 
FnjUa (17) examined white blood cells and bone mar 
row of rats, Barron and Harrop (18) leukocytes from 
peritoneal exudates of rabbits, Jackson, Parker and 
Glover (19) monocytes of rabbits long, Loebe! Shorr 
and Richardson (23) monocytes of rabbit s pcntoncum. 

Common to all these experiments with mature anfmal 
leukocytes of various types, was the ambiguous result 
that the fermentative metabolism teas high w eomparijon 
to the oxiddlTw''the{aSi>iism and Ihaf^plitting of sugar 
into lactic acid look place under aerobic conditions The 
original question remained unsolved, whether this me- 
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tabolism of IcukociTcs which all m\cstigators agreed 
was different from the metabolism of normal cells, 
actuall> represented cancer metabolism or was orl^ due to 
vijurv or death of sensitive cells 

Regarding the metabolism of human IcukociTes, Kemp- 
ner and Pcschcl (22) examined mononuclear and pol>- 
nuclear cells obtained from stcnle blisters of the skin. 
Thej found the absolute metabolism figures considcrablj 
higher than those reported for the \'anous animal leuko- 
c>ies, but the tj-pc of metabolism as such was identical 
w ith that of the exudate leukocj tes of animals high gly- 
col j sis, relatuclj low respiration, and also lactic acid 
formation under aerobic conditions 

Barron and Harrop (18) studied oxjgcn consumption 
and gljcol>sis in blood of patients with chronic leukemia 
and found aerobic glycol^sts present both m the blood of 
patients with lymphatic and tilth myeloid leukemia Un- 
fortunatclj, the oxygen consumption was rrieasurcd in the 
total absence of carbon dioxide (alkaline in the side bulb) 
and at a pH probablj abo\e 8 (pH determinations arc 
not gi\en) , gljcoljsis was e.xamincd in Nj instead of S 
per cent COy95 per cent Nj. Furthermore, m the experi- 
ments with leukemic blood cells there arc no figures given 
whicli indicate 'tlie amount of lactic acid iformcd by the 
cells but onlj the amount of sugar consumc4 so that it is 
not possible to decide how much of the sugar consumed 
under aerobic conditions was used in respiraition, how 
much for the formation of glj cogen (30), ind how 
much was actually split into lactic acii iOn the 
basis of these sugar dctermmations the author‘i state 
that poljmuclcar IcukocjTcs possess a higher aerooic and 
macrobic gljcoljsis than mononuclear leukocj t«i and 
calculating Warburg’s so-called “ excess of fermentaltion " 
(U = Q^j — - 2005 ) thej conclude that the mctabtdisin 
type of lymphatic leukemic blood cells resembles tha\' of 
normal cells, uhcreas myeloid leukemic leukocytes slnrw 
the metabolism type of cancer tissue They further stat e 
that there is no difference tn the metabolism of mature 
and immature granulocytes and of granulocj'tcs from 
cases of leukocj tosis or of mjelogenous leukemia Since 
the metabolism figures gi\cn in their paper are calcu- 
lated per million cells, not per weight, it is difficult to 
compare them with the results of other in\ estigators 
For the sake of completeness, howe\er, we ha\e included 
them in Table I, assuming — ^cry inaccuratelj — that the 
do weight of 10 million white blood cells is equal to 
1 mgm 

Gloier, Daland, and Schmitz (20) made an extensive 
studj of the metabolism of normal and leukemic leuko- 
cj'tcs, dctermimng the oxygen and sugar consumption m 
the blood of patients with Ijonphatic and mjelogenous 
leukemia Thej too, like Barron and Harrop (18), 
measured the oxjgcn consumption in the presence of 
alkaline, eliminating the phj siological carbon dioxide con- 
tent, and not at a ph\ siological pH, but between 76 and 
82. Tor the determination of gljcoljsis thej did not 
use anj lactic aad determinations but onlj sugar deter- 
minations, so that in this paper also it cannot be gathered 
ho \ much of the sugar consumption is due to sugar oxi- 
dation, to the formaUon of gljcogen from sugar, or to tlie 


splitting of sugar into lactic acid Ox\gcn and sufai 
consumption were not determined in the same mediun, 
the rate of gljcoljsis was calculated bj deducting froai 
the total sugar consumption the amount of sugar oxidiicd 
assuming that all the oxagen consumed was used for the 
oxidation of sugar In four cases of acute leukemia with 
for the most part tcry pnmitrze Cills (the authors «aj 
It has been impossible to determine cxactlj whether thej 
were of Ijanphatic or mjelogenous origin) thej found 
the aerobic glycolysis higher than in cases of Ijanplntic 
and mjelogenous leukemia with more mature cells, when 
using air to saturate the cell suspensions with oxjgcn 
This, thej state, was dircctlj opposed to the results thci 
obtained when the cell suspensions were exposed to 93 
per cent oxjgcn. These conflicting results, howeser, arc 
not due, as the authors think, to the difference between 
the effect of oxjgcn and that of air upon the cells Tlicj 
onlj rescal the two other sources of error in tlic expen 
ments under discussion. For, firstlj, in the experiments 
in which the blood was saturated with air, the oxygen 
saturation (21 per cent) was csidcntlj not sufficient to 
present the occurrence of complctclj anaerobic areas — 
especially since the blood was onlj submitted to "gentle 
agitation” — so that what was measured was not rcallj 
the aerobic sugar consumption, but aerobic and anaerobic 
sugar consumption in undefined proportion, sccondlj, to 
the air used for saturation, no carbon dioxide was added, 
so that the experiment was done in the absence of carbon 
dioxide at an alkaline pH, whereas to the 95 per cent 
oxygen 5 per cent carbon dioxide was added, thus pro- 
ducing physiological conditions as to carbon dioxide con 
centration and pH Determining the aerobic sugar con 
sumption of the blood cells from fiie patients witli myc 
logenous and fi\c patients with lymphatic leukemia in this 
physiological milieu of 5 per cent COj/9S per cent 0„ 
Closer and his coworkers actually did find aerobic qly 
colysis still present in all of the five cases of mjelogenous 
leukemia, but it deereased with the immaturity of the cells 
Of the five cases of lymphatic leukemia, they found 
aerobic glycolysis present m three cases and absent in two, 
independent of the maturity or immaturity of the cells 
Unfortunately, in this senes of experiments, the only 
ones wnthout fundamental errors in technique, only the 
sugar consumption and not the oxjgcn consumption was 
determined. 

Schlossmann (21) and Pcschcl (1) examined blood cells 
from patients with lymphatic leukemia, determining oxy- 
gen consumption, aerobic and anaerobic lactic acid forma- 
tion under physiological conditions manomctricallj with 
the Warburg technique They were the first who were 
able to show that these immature lymphocytes — provided 
they are preserved from all injuo ^nd examined under 
physiological conditions — possess a purely oxidative me- 
tabolism and no aerobic glycolysis at all F rom these 
findings Peschel concluded Since mature and immature 
lymphocytes have a very different metabolism, in that the 
immature leukemic lymphocytes have a purely c^idativc 
metabolism and do not show any formation of lactic 
acid under aerobic conditions, it is in the first place 
definitely proved that leukemic lymphocytes in regard 
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TABLE I 

Summary of q^Utairts data on the metabolim of white Hood cdls {calculated for 1 mpn of dry wiiki of alls per iowr) 


Anthors 

Tyj« o< leakocrta 

I 

Oo. 

RetpbsUcm 

(CJDU, 

myien 

cmfSiBcd 

Inab) 

II 

“M 
Aerobic 
ftrcotnii 
(cJTua • 
Uctk add 
farmed 
la air) 

in 

oS* 

Anaerobic 
fljroolyrU 
(enm • 
lactkackl 
fcjnned 

In ab^nce 
of OTTSen) 

IV 

lablblUan of 
lacdc a^ 
forma tkin 
br ah 

V 

Ratio of 
aerobfc sir 
cofrrii to 
retTumlion 

11 

I 

Buklccr 1927 (15) 

Exudate leukocytes of rabbits 

M 

IB 

60 

ter ctnl 

5 

14J 

Flelechmann and Kubowitz 
1927 (16) 1 

Exudate leukocytes of rabbits 


14 0 

233 

40 

3 10 

Blood leukocytes of geese 

49 

18 

11 6 

85 

037 

Fujita 1928 (17) 

Bone marrow cells of rats 

98 

3 7 

21 0 

82 

0 38 

Blood leukocytes of rats 

92 

26 

20.2 

87 

0 28 

Jackson Parker and 
Glover 1930 (19) 

Monocytes of rabbits tongs 

■i 

Mt 

2 7t 

48 

035 

Loebcl, Schorr, and , 

Richardson 1932 (23) 1 

Monocytes of rabbits peri , 

toneum 1 

28 

B 

B 

39 

1 07 

Barron and Harrop 1929 
(18) 1 

Chronic myelogenous lenkemia 

80 

9 0t 



1 12 

Chronic lymphatic leukemia 

HQH 

2 0t 



041 

1 

Glover Daland and ^ 

S^mitz 1930 (20) 

Myogenous 
I^kerma | 

Immature 

■1 

B 

17 8t 

S4 

466 

Mature 

B 

sot 

17 8t 

16 Ot 

0 

308 

Lymphatic 

leulcxmia 

Immature 

24 

■SI 

15 9t 

1 

466 

Mature 

5 8 

B 

17 2t 

, 87 

090 

Normal human blood 
leukocytes 

■1 

13.8t 

13 et 

0 

1 24 

Schloeamann 1930 (21) 

leukemic lymphocytes 

12 0 

0 

21 9 

100 

0 

Pracbtl 1930 (1) 

Leukemic lymphocytes 

5 8 

0 

11 I 

100 

0 

Kempner end Pcschel 

19i0 (22) 1 

Homan exudate leukocytes 

22 8 


57 8 

71 

0 74 

Bowa (1937) (29) 

Myelogenous 

letiknnia 

Chronic 

state 

lOJ 

1 14 9 

, 29.8 

SO 

1 46 

Acute 
, state 

12J2 

1 17.8 

23 1 

23 

1 46 

Chronic Ivmphatic leuLerma 

13J 

09 

17.fi 

95 

0 07 


• 1 c,mm -• 0 004 rngm- of lactic aad 

t Lactic add formation not determined manometncally nor chemaally but aasumed to be equal to •agar conaumption 


to thdr metabolism are not tumor cells but normal young 
tissue cells. Secondly the concept of a transltjon from 
normal lymphocytes to tumor cells wo leukemic degen- 
emted cdls is exduded thirdly the aerobic glycolysis 
of tnofHre lymphocytes u only a manifestation of their 
dying off in the blood stream or exudate The iignifi 


cance of Pescbcl $ findings has been repeatedly discussed 
and emphasized, for instance in great detail In W Fleiscb' 
manns review (24 sec also 25) and by von Bergmann 
(26) 

Soffer and Wintrobe (27) examined oxygen and 
sugar conjumption in the blood of patients with myc- 
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lostmous and Ij-mphatic Icukania. The proportion of 
mjdoblasts in the Icukocides specimen exammed \"aricd 
between 4 and 33 per cent. Softer and Wintrobc used 
the same methods as Barron and Harrop (18) and came 
to the same conclusions that tlie metabolism of the blood 
of viydoid leukemia resembles that of cancer, while that 
of lymphatic leukemia is more similar to that of tionnal 
tissue The additional contributions of this paper arc 
quantitatnc data which show’ that the unphj siological 
conditions of the method applied for examining the blood 
cells (absence of carbon dioxide, imdefined pH, insuf- 
ficient bicarbonate and sugar concentrations) injure the 
cells to such an e.xtcnt that, as the authors state, a con- 
siderable and persistent decrease of the rate of respira- 
tion sets m at the aerj beginning of their experiment, 
so tliat after the first half hour, for example, the rate 
of respiration has dropped to onl> one-third of that 
measured in the first ten minutes The second result of 
this work, VIS, that the degree of this decrease of the 
respiration rate depends on the number of cells per 
solumc of suspension fluid, indicates still better the 
detrimental effect of the unphj siological conditions enu- 
merated abosc, for it is obinous that the rate of all 
changes in the composition of the suspension medium 
(sugar-, bicarbonate concentration, pH) will mcreasc di- 
reeth with the increase of the number of metabolizing 
cells present 

Horsters published a paper on comparatuc miestiga- 
tions on gljcoljsis of mjeloid and Ij-mphatic leukocytes 
(28) His procedure was to fill blood atrate suspensions 

0 closed test tubes and allow them to stand for 1 to 2 

ills at room temperature, then in the Icukocjtes lajer, 
diluted ten times with salme solution, sugar consumption 
was measured in lO-minute periods and lactic aad forma- 
tion in 180-minutc periods The carbon dioxide con- 
centration was zero, the weight of the blood cells was not 
gi\cn The blood was saturated with air m a standing 
cihnder eicrj ten minutes, but not shaken in the inter- 
\-als, so that it cannot be told for what proportion of 
time the cells were under aerobic and anaerobic condi- 
tions respcctnclj The conclusions of this paper that 
suspensions of leukocj’tes of the mjcloid tjqie consume 
sugar relatisclj quicklj in an atmosphere of air (38” C) 
and form cquimlent amounts of lactic acid, and that 
sugar consumption and lactic aad formation of suspen- 
sions of h’mphoci'tcs arc rclatiielj small, are similar to 
the statements of Barron and Harrop (18), Glover, 
Daland, and Schmitz (20), and Soffer and Wmtrobe 
(27), although Horsters omitted mentioning these authors 
as well as tlie experiments of Pcschel (1) and the review 
of rici'chmann (24) 

The most recent studj of the metabolism of leukemic 
cells was made bj Bossa (29) He obtamed leukocj-tcs 
b) brief centrifuging and suspended them in the serum 
01 normal people Oxjgen consumption, aerobic and an- 
aerobic gljcolj SIS were determmed bj the Warburg meth- 
ods In the total number of white blood cells the dif- 
ferential p'oportion of nnelobhsts -varied from I to 40 
per cent, that of h-mphoblasts from 10 to 70 per cent. 
Bossa arnicd at the same results as p-enous mvesh- 


gators in all cases of inyclonnious leiiken la, whether of 
the acute or chronic tjpc, he found n hioh aerobic olj- 
cohsis (0°’ 4.2 to 37 3) Tlie average ntio of aerobic 
gljcohsis respiration in his cases of chronic mjclogcnoui 
leukemia was c-xactlj the same ns m his cases of ncute 
mjelogenous leukemia 14 In leukemic IjTnphocjtcs he 
found the aerobic gUcoljsis either verj small or zero 
In spite of the high aerobic gljcoljsis of mjelogenous 
cells, Bossa does not consider their metabolism as sw- 
nifymg cancer metabolism but merely as a symptom, as 
Pcschel had done, of cell injury within or outside the 
bodj and therefore nothing but n transitional metibolic 
phase before the ultimate death of the cells 

The studj of leukemic Ijanph nodes jicldcd the same 
ambiguous result (positive aerobic gljcoljsis) as tint of 
leukemic blood cells Victor and Potter (31) and Victor 
and Wintersteincr (32) examined the metabolism of 
Ijmph nodes of normal mice and of mice inoculated with 
different lines of transmissible Ij’mphogcnous leukemia, 
controlling age and genetic constitution In all cases 
regardless of age, line, transfer number, and host condi- 
tions, thej found aerobic glycolysis, which was usuallj 
even greater in the leukemic than in the normal lymph 
nodes From the presence of aerobic gljcoljsis in all 
the Ij-mph nodes, both leukemic and normal, the autliors 
concluded that it was impossible to differentiate infections 
from neoplasms using cellular metabolism as a criterion 

Table I gives a summary of tlie quantitative data from 
the above mentioned experiments on the metabolism of 
normal and leukemic white blood cells It must, how- 
ever, be emphasized again that only part of these results 
were obtained by satisfactory methods and under phjsio- 
logical conditions It is evident from the table that the 
aerobic glycolysis-rcipiralton ratio in granulocytes w al- 
ways positive Calculated from the given figures (Col- 
umn V) It vanes in mature blood and exudate leukocjtes 
between 025 and 31 (Bakker’s figure, 14 3, excluded), 
in leukemic granulocj-tcs between 1 1 and 4 7, in leukemic 
blood Ijmphocytcs exammed under phj siological condi 
tions it IS zero That means all " normal!' i e., mature 
human and animal blood and exudate leukocytes, as well 
as the more immature granulocytes from all the patients 
with myelogenous leukemia, shozued a lactic acid forma- 
tion under aerobic conditions, the absolute values varied 
from 1 4 to 17 8 c.mm of lactic aad formed by 1 mgm 
of leukocj’tes in 1 hour, whereas in the immature leu- 
kemic lymphocytes, aerobic lactic acid formation did not 
occur 

EXPERIMENTAL 

In a larj e senes of expenments on 40 cases 
of mjelogenous and 15 cases of lymphatic leu- 
kemia, I haxe found, m complete agreement tvith 
other authors (1, 21) that leukemic lymphocj'tcs 
do not show anj aerobic lactic acid formation, 
that IS, that thej exhibit the type of metabolism 
charactenstic of undamaged normal joung cells 

The e> penmental approach to the question of 



METABOLISM OF LEUKEMIC BLOOD rFI.T-S 


295 


the nature of leukemic granulocytes proved to be 
compUcated and difficult, since m most cases of 
myelogenous leukemia accurate measuring of the 
actual metabohsm of the immature cells exclu- 
sively IS not possible. For, if there is a large pro 
portion of myeloblasts and the total white blood 
count IS small, the metabohsm of the myeloblasts 
IS obscured by the respiration and sphtting metab- 
ohsm of the red blood cells If, on the contrary 
the white blood count is high and the proportion 
of myeloblasts small, the metabohsm of the myelo 
blasts 13 obscured by the respiration and sphtting 
metabohsm of the mature granulocytes The 
problem resolves itself mto the obtaining of umn- 
jured unmature granulocytes without an admix- 
ture of mature white blood cells and of erythro- 
cytes The actual separation of the mature and 
immature white blood cells m amounts sufficient 
for metabolism determination is impossible. Cal 
culation of the metabohsm figures of the unmature 
cells by merely subtracting metabohsm figures of 
the mature cells according to their proportion m 
the differential cell count, is likewise impossible 
because of the great vanabibty of the metabohsm 
figures of the mature cells, as shown in Table I 
Moreover the differential cell count is irrelevant 
smce only the differential cell weight here is es 
senbah The separabon of red and white blood 
cells seems easy at first glance, but it is just this 
apparent ease which is the mam source of error 
m experunenti witli these sensibve cells which 
above all must remain umnjured in order to sur- 
vive m a normal condihon Even simple proce 
dures such as centnfuging or sedimenbng the 
blocxl by allowing it to be stabonary for any 
length of bme, or exposure to low temperatures 
are sufficient to injure the cells considerably so 
that it may well occur that it is not the difference 
m metabolism of the vanous types of leukocytes 
that 13 measured but only the difference in thar 
resistance to various injuries 

Since, therefore, a matenal of uninjured im- 
mature granulocytes without admixture of mature 
granulocytes and red blood cells obviously cannot 
be obtained by experimental means mvestigations 
of the metabolism of leukemic immature cells 
would be impossible but for the rare opportunity 
of meeting with a case of leukemia m which the 
leukocyte count is high in companson to the red 
blood cell count, and the proportion of myelo- 


blastic cells to mature white cells is so great that 
the metabolism of both red and mature white blood 
cells does not enter into consideration Such cases 
occur With extreme ranty and even among cases 
of ra> eloblastic leukemia ated m the hterature 
witii a white blood cell count above 100000, a 
differential count of more than 70 to 80 per cent 
of myeloblasts is not often mentioned The pres- 
ence of only 20 to 30 per cent of mature white 
cells, however, may suffice to prevent the exact 
determination of the metabolism of the myelo- 
blasts themselves In lunc >ears of studying the 
metabolism of blood cells, I have encountered 
only a smgle case presenting the conditions re 
quired This patient had a white cell count of 
180 000 with about 95 per cent of immature mye- 
loblashc cells 

In prepanng the blood specimen for the metab- 
olism experiment great care was taken to avoid 
all injury to the cells Blood was taken from the 
cubital vein m hepann (1 mgrm per 2 c.cm of 
blood) and very gently shaken wth glass beads 
m a cylinder for 3 mmutes The blood should 
not be taken m oxalate or atrate solution, it 
should not be diluted and it should be saturated 
at body temperature with 5 per cent carbon di 
oxide m air as soon as possible When the num 
her of leukocjrtes per c.cm of blood is very great 
it may happen that within a short time after the 
removal of the blood from the body so much 
bicarbonate and sugar has been used up by 
aerobic glycolysis and respiration, that the aerobic 
glycolysis to be measured is reduced to a fraction 
of its optimal rate or may even disappear A 
purely oxidative metabohsm may tlius be sirau 
lated which is, however only due to low con- 
centrations of bicarbonate or glucose or to a 
more aad pH (33) In such instances the sugar 
and bicarbonate content of the blood as well as 
Its anaerobic glycolysis must be determined in a 
prehminary experiment, and if necessary enough 
glucose and sodium bicarbonate added to make 
sure that during the whole time of the expen 
ment the metabohsm is measured under physio 
logical conditions sugar concentration 12 

grams per hter, bicarbonate concentration 5(30 
c.mm per cam, pH 7 4 

The proportion of white and red blood cells 
was determined by direct hematocrit reading and 
checked by companson wth the ” 
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and number of red blood cells, assuming that a 
concentration of fi\e million red blood cells of 
normal size per cmm corresponds to a cell \ol- 
ume of 45 per cent The drj u eight of the total 
cell ^olume was determined according to Peschel 
( 1 ) 

The metabolism determmations were done 
manometncallj The method, frequently applied 
(18, 19, 20, 27), of determining aerobic lactic 
aad formation bj measuring the sugar consump- 
tion IS inadequate, since the measured decrease of 
the sugar concentration does not indicate how 
much of the sugar has been used in respiration 
or in the formation of gl>cogen (30), and how 
much has been actually split into lactic acid 

The blood nas pipetted into three rectangular 
manometer vessels, each of about IS cc. capacity, 
and into one comcal vessel with a large insert well 
The side bulbs of all four vessels contained 6 and 
3 X 0 03 c cm m/17 lactic acid, previously weighed 
in The mam space of Vessel I contained 6 ccm 
of blood, tliat of Vessels II and III 3 ccm of 
blood, that of Vessel IV 02 ccm of m/3 sodium 
bicarbonate, and the insert well of Vessel IV 2 
c cm of blood The vessels were saturated, while 
being shaken in the thermostat at 38° C , wth gas 
mixtures prepared o\er mercury in a gasometer of 
2-liter capaaty Vessels I, II, and IV ivith 5 per 
cent CO;/95 per cent air. Vessel III mth 5 per 
cent CO;/45 per cent CO/50 per cent N. The 
shaking speed emplo3ed vns 180 osallations per 
minute Readings were made exeiy' five minutes 
without stopping the manometers The figures 
remained constant for over one hour After this 
time, or m other expenments after 20 minutes, 
the lactic aad was tipped in from the side bulbs 
The retention of carbon dioxide and of lactic aad 


bj tlie blood cells, as well as the metabolism fig- 
ures for OX) gen consumption, carbon dioxide 
formation, and lactic aad formation were tnlai- 
lated according to Warburg (34) 

Table II shows the blood metabolism of the pa- 
tient with m)eloblastic leukemia and of a normal 
woman of the same age Calculated per mgm of 
dr) weight of cells, the anaerobic laebe acid for- 
mation of the m)cloblastic blood is 76 times 
greater, the respiration 47 times greater than that 
of normal blood The absolute metabolism fig- 
ures of respiration and anaerobic glycol) sis are 
not important as compared with the finding that 
no lactic aad is formed by the myeloblastic blood 
m air, and that the aerobic glycol) sis-rcspiration 
ratio, in the blood of the patient w'lth myeloblastic 
leukemia, is 0 to 235 against 45 to 5 in normal 
blood 

From a comparison of the metabolism figures 
of myeloblasbc blood to those of normal blood 
one can obtain the metabolism figures of the m)C- 
loblasts themselves, as shown m Table III 

The absolute value of the rate of respiration is 
of the same magnitude as that of immature leu- 
kemic lymphocytes and of human ciydliroblasts, 
154 times greater than that of mature eiytliro- 
cytes, but only one-third of that of human exudate 
leukocytes The respiratory quotient of myelo- 
blasts m air is 0 75 The rate of anaerobic gly- 
colysis of leukemic granulocytes and leukemic 
lymphocytes is nearly the same 11 5 and 11 I 
c mm of lactic aad is formed in one hour by 1 
mgm (dry weight) of cells, against 58 cmm 
formed by human exudate leukoc)’tes, 51 cmm 
formed by human nucleated red blood cells, and 
0 5c mm formed by mature erythrocytes (Table 
IV) An amount of lactic acid equal to the cell 


table II 

Metabohsm of m%elohlasltc and of normal blood {calculated per 100 mgm of total blood cell dry weight and per 1 hour) 



I 

RejplniUon 
(cmm oiysen 
consumed In 
air) 

II 

Aerobic dycolysla 
(cjnm • lat^c add 
formed In air) 

111 

Anaerobic gly 
colyil* (cmm ♦ 
lactic add formed 
in absence of 
oxygen) 

IV 

Inhibition of i 
lactic add 
formation by air 

v 

Ratio of neroUc 
tlycolyjls to 
riipl ration 

11 

1 





per emt 


Blood of patient wath m> eloblastic 
leukemia 

235 

0 

380 

too 

0 

Blood of normal xvoman 

5 

45 

1 

50 

10 

9 


• 1 c.mm •= 0 OOt rngin of lactic aad 
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TABLE in 


Cakulciion ^ irutabclitm fiiures Jor i mgriu {dry irxjfiO of mydoblcsU 



I 

CJun oxTceo 
Luuuiiucd In 
nlr Is 1 bov 

1 

n 

&mm * belle 
add feraed 
Inalr in 1 boor 

in 

cjunu Uctlc 
add (ona^ 

In abttsce of 
oxTira la 

1 

rv 

InUbldoQ of 
lactic add 
formation br 
air 

V 

AeroNc lactic 
addfonaatloQ 
to m^jratloa 

T 

100 mfftn of blood cell* of patient with myeloblaatic 
leukemia (30 per cent white blood cell* 70 percent 
red blood cells) 

Minus 

70 mgtn of blood cells of normal person (70 per cent 
of the cells of the mycloblastlc blood) 


0 

31J 

380 

35 

pw aui 

100 

10 

0 

9 

30 ragm of myeloblasts (30 per cent of the cells of 
raj^oblastic blood) 

231 5 

0 

345 

too 

0 

1 mgm of myeloblasts 

77 

0 

iij 

100 

0 


* 1 c.mm • 0 004 mgm of lactic add 


TABLE JV 

lleiahcium of human Hood colls (calculated per 1 mfm of dry wotikt of cells per hour) 


1 

CtD apedea 

I 

Qo. 

Rcffplratlon 
(cJiua oxnen 
cooKuned la 

sir) 

It 1 

AeinUc (lycoirvU 1 
(cjui kmc add 
fomwd In air) 

in 

oco 

1 

AnaeroUc tif 

(Cijnin. > 

ketie add fanntd 
Is alMe&cs of 

oanenJ 

IV 

InMUtlon of 
lactic add 
formation 
bf air 

V 

ri 

T 

ActoUc lactic 
add formatloQ 
to mplrttkn 

Erythroblasts (35) 

12 80 

24JO 

506 

[ p*r ent 

52 

1 92 

Erythrocyte* 

0 05 

0 45 

OJ 

10 

900 

Emidate leukocyte* (22 35) 

22 80 

1680 

57 8 

71 

0 74 

Leukemic lymphocyte* (1) 

5 80 

0 

11 1 

100 

0 

Myeloblasts 

7 70 

0 

11 5 

100 

0 


dry weight is formed under anaerobic conditions 
by myeloblasts in 22 hours, by erythroblasts in 5 
hours by erjtbrocytes in 500 hours by exudate 
leukocytes in a little over 4 hours. Under aerobic 
conditions the same amount of lactic aad is 
formed by erythroblasts in 10 hours by exudate 
leukocytes m 15 hours by erythrocytes in 550 
hours Lymphoblasts and myeloblasts form no 
lactic aad aerobically 

The metabolic features of the matunty process 
of red blood cells are well seen m the metabolism 
figures of human erythroblasts and erythocytes 
(35) The rate of respiration as well as that of 
lactic aad fermentatjon is considerably lower m 
the older than in the younger cells But since the 
rate of respiration has decreased much more than 
the rate of fermentation (250 times against 50 


times) a disturbance of the aerobic glycolysis 
respiration ratio results This ratio In mature 
erythrocjles is 9 m erythroblasts 2 Tabic V 
contrasts the white blood cell metabolism m the 
case of pure myeloblastosis with that in cases of 
myelogenous leukemia with a smaller proportion 
of immature cells In Case I the proportion of 
the more mature cells (segmented juvenile and 
myelocytic granulocytes, and Ijnnphocytes) to the 
myeloblasts is 98 2 m Case II 50 50 m Case 
III 5 95 The aerobic glycolysis respiration 
ratio is m Case I 7 ^ m Case Him Case III 0 
As demonstrated for red blood cells in white 
blood cells also the mcrcase of the aerobic gly 
colysis-rcspiration ratio is evidence only of the 
mcreasmg age or the maturity of the cells 'The 
figures of Table V, especially of Column Vj 
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TABLE \ 

Blood mclabohsm of three cases of myelogenous leuierrta -xjth different proportions of myeloblasts to n ore mature graruh 'A ‘es 


i 

1 

1 

Total trhite I 
blood cell 1 
number i 
per c mm 

Lympho- 

cytes 

Sep 
menied 
fUb and 
ioronde 
forms 

Olea 

Myelo- 

blasts 

Proportion of 
more matorc 
jn^nulocytes 
to myeloblasts 

1 

I 

^o, 

RcsplraOon 

11 

qOi 

Aerobic 

kIj-coIj-ii 

m 

pCO 

Anaerobic 

Sl>-col>rii 

n 

Inhibition of 
clj-col}-*!* 
b) tur 

\ 

Ratio of 
aemWo jly 
eolytu lo 

re»piratton 

n 

1 

I 

186,000 

2 

67 

29 

2 

98 

2 

2 8 

20 2 

24 6 

fa - emt 

18 

72 

II 

52,000 

3 

18 

29 

50 

50 

50 

2 4 

24 

53 

55 

10 



2 

1 

2 

95 

5 

95 

B 

0 

11 5 

100 

1 

0 


quantitatiA ely ^\hy former investigators (18, 20, 
27'! ascnbed the properties of cancer-cell metabo- 
lism to leukemic mjelogenous cells All the in- 
stances of mjelogenous leukemia appeanng m 
the literature, where metabolism determinations 
were made, belong to the same group as Cases I 
and II of our Table Y, t c , the leukocytes exam- 
ined were not young immature leukemic granulo- 
cytes but mixtures of " old ” mature and " young " 
immature cells in which these old and d 3 nng cells 
predominated to so great an extent that the char- 
actenstic metabolism of the myeloblasts as such 
was entirely obscured 

The question, therefore, of the nature of the 
leukemic myeloblastic cell is definitely answered, 
it seems to me, by the results on the energy sup- 
phing reactions of the myeloblastic cells The 
metabolism of m}eloblasts is purely oxidahve, 
there is no aerobic splitting of sugar into lactic 
aad which is imanably found in benign and, to 
a greater degree, in malignant tumor cells, in in- 
jured cells, mature leukocjles, and erythrocj’tes 
Eien the aerobic ghxoljsis of the eo^throcytes, 
wlndi constitute 70 per cent of the cell volume 
of the blood examined is, in the manometneal ex- 
penmept, completely overshadowed by the high 
m>eloblastic respiration Myeloblasts, contrary 
to tlic mature blood and exudate leukocytes of 
healthy and leukemic people, possess the charac- 
tenstic metabolism of uninjured normal young 
cells From the standpoint of cellular phyrsiology 
one may say definitely that the metabolism of 
myeloblasts differs fundamentally from that of 
malignant tumor cells 

In prenous expenments (22) we examined the 
chemical composition of tissue fluids m normal 
and inflamed areas and found a disturbed equih- 


bnum of oxygen, carbon dioxide, sugar, lactate, 
and bicarbonate as a result of inflammation The 
products of the metabolism of exudate Icukocyles 
w hich accumulated in the closed manometer ^ csscl, 
also accumulated m very high amounts m the in- 
flamed area, and were not earned off by the 
blood or lymph flow After an inflaiiiination 
penod of three day’s, the sugar concentration of 
sterile blisters of the skin, for instance, was rcro 
against 100 mgm per cent m normal tissue fluid , 
the sodium lactate concentration was abo\c 125 
mgm per cent against 10 mgm per cent , the bi- 
carbonate had decreased to half its amount and 
the pH had dropped to values as low as 6 2 We 
stated then, as our opinion, that these chemical 
changes, due for the most part to the aerobic 
glycolysis of the leukocytes, play an important 
role m the fight of the body against bacteria, since 
under these unfavorable conditions of the nutrient 
medium bacteria are severely damaged, or even 
starved to death This opinion was supported by 
von Bergmann (26) and Lohmann (33, 36) 
Since, in contrast to the mature white blood 
cells, the myeloblastic cells lack completely aerobic 
glyoclysis, they are unable to produce any of the 
above mentioned chemical effects The function 
of the mature leukocytes, therefore, can not be 
taken over by the more immature leukemic cells, 
and it IS obvious why an increase of immature 
leukocytes with a decrease of mature forms leads 
to senous danger whenever pathogenic bacteria 
attack the body The detrimental factor is not 
the presence of myeloblasts, or lymphoblasts, but 
the absence of mature white cells capable of form- 
ing lactic aad under aerobic conditions 

For the vague concept of “weakened resistance 
of patents with myeloblastic or lymphoblastic 
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leukemia toward bactenal mfection, we may 8ub- 
strtute a defimte quantitatively measurable chemi 
cal fact, namely, that the purely oxidative metabo- 
lism and total lack of aerobic glycolysis of the 
myeloblasts and lymphoblasts renders ^em unable 
to carry out the bactenadal "reactions of in 
flammatiom 

CONCLUSIONS 

1 Whether leukemic cells are mahgnant or be- 
nign tumor cells or nor ma l jmung tissue cells, can 
not be deeded by morphological investigation 
The question can be answered defimtely by studies 
of the metabohe reactions of leukemic blood 

2 The metabolism of the blood cells from 15 
patients with lymphatic leukemia and from 40 
patients with myelogenous leukemia was deter- 
mined raanometncally with the Warburg method 
M yeloblasts as well as l ymphoblasts— in contrast 

^td the more mature forms of leukocytes — have a 
purely oxidative metabolism_and_do not form 
la^c aad under aerobic conditions The aerobic 
glycolysis respiration ratio m the blood of a pa- 
tient vnth myeloblastic leukemia (180 000 white 
cells per cjnm 95 per cent myeloblasts) was 0 
to 235, against 45 to 5 in normal blood The 
anaerobic glycolysis of the myeloblastic blood was 
7 6 times the respiration 47 times greater than 
that of normal blood The respiratory quotient 
of myeloblasts, measured in air, was 0 75 Aerobic 
glycolysis which occurs (independent of the rate 
of respiration) m more mature leukocytes was 
found to be a symptom of their agemg and dying 
off Myelobla^ as well as lyraphoblastsj^ibit 
the characteristic metaboh«n_of jmmjured jicwma] 
young ceils and not t^t of cancer cells 

3 The ■weakened resistance of patients with 
myeloblastic or lymphoblastic leukemia toward 
bactenal infection is explamed by the absence 
of aerobic glycolysis m immature leukemic blood 
cells 
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THE ANTIKETOGENIC ACTIVITY OF SUCONIC AQD 
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Kor4nyi and Srent Gyorgyi have reported (1 
2) that relatively small doses of sucanic aad 
would reduce or abolish the ketosis in diabetes 
We have been unable to demonstrate this action 
of succinic aad In Table I are presented three 
typical examples of the result of administering 
sucanlc aad to diabetic patients All of these 
patients had been on their r^me for some time 
and their diets were constant They were given 
the free aad The total ketone bodies in the 

TADLB 1 


7^e tn/luence oj SHcanic actd on Jutosu tn diabelUt upon 
a fixed rttyme 
Unne excrelton per day 



ToUJ k«toae 
bodki 

Nlt/ir*ejo 

GlacoM 

Sccdalc 
add perdar 


pent 


pome 

p%Mi 


Experiment 1* 


t 

3 21 


lOJ 


2 

4.50 


13 4 


3 

3 96 


70 


4 

4 22 


79 


5 

5 28 


9J 

10 

6 

4 12 


I2J 

10 

7 , 

SJO 


22J 

10 

8 

420 


IS 4 

10 

9 

540 


21J 

10 

10 

2 10 1 


3 2 


11 

1 40 


54 


12 

009 





Expertmenf 2t 


I 

1 02 


32 


2 

088 


44 


3 

0 74 


48 

5 

4 

1 10 


46 

5 

5 

0 68 


32 

5 

6 

120 

1 

52 i 

5 

7 

220 


202 1 

30 

3 , 

2 10 


H 


9 

1 20 


2 2 



• Experiment 1 Female, 48 years of age weighing 54 5 
kgm and receiving 24 unlU of insulin each dav The 
daily diet was composed of protein 85 grams fat 145 
grama and carbohydrate 120 grams. The dose of iDsulm 

was Increased to 34 unit* on the tenth day 

t Experiment 2 Male, 26 years of age, weighing 75 6 
krm and receiving 30 units of Insulin each day 
daily diet waa composed of protein 120 grams fat 170 
grams and carbohydrate 200 grams. On the eighth and 
ninth day's 42 unit* of insulin sere given 


TABLE I — Conitnued 


d«t 

Total ketone 
bodlea 

Kltroten 

Ghtcoae 

Sucdolc 
add per dajr 


fraau 

pomt 

*rdKf 

tranu 


Experiment if 


1 

2 61 

89 

83 


2 

3 08 

7 1 

5 7 


3 

068 

65 

86 


A 

134 

10 9 

30 


5 

2J6 

132 

33 9 

50 

6 

2J4 

97 

23 6 

15 

7 

1 71 

83 

S 6 


8 

233 

84 

11 7 


9 

2 07 

99 

13 0 



X Experiment 3 Female 17 years of age weighing 41.3 
tern and receiving 28 unit* of insulin per day The daily 
diet was composed of protein 55 graiia fat 140 grams 
and carbohydrate 150 grama. 

unne were determined by Van Slyke’s method 
(3), giucose according to Benedict (4), and total 
mtrogen by the macro Kjeldahl (5) Small doses 
(Table I, Experiment 1) of Buccinic aad had no 
demonstrable effect upon the ketosis as measured 
by the ketonuna. This confirms the observations 
of several English mvestigators (6 7) Larger 
doses of sucamc add had quite the opposite ef 
feet to the action claimed by Kor&nyi and Szent 
Gyoz^yj The ketonuna was actually increased 
(Table I Experiments 2 and 3) In these cases 
the compound behaved m the same manner as 
might have been expected of glucose This is 
liardly surprising for sucamc aad is converted 
to glucose m the phlondnnircd dog (8, 9) 

In the fasting normal human being the glucose 
effect of sucamc aad is even more obvious (Tabic 
11) Contrary to its behavior in the diabetic, 
sucamc aad is mtrogen spanng and has marked 
antiketogcmc activity such as might be expected 
from an equivalent amount of glucose m a sub- 
ject of this kind The antiketogcmc activity of 
sucamc aad in the normal fasting organism may 
also be demonstrated in fasting rats in which a 
ketonuna has been induced by feeding the sodium 
salt of hydroxybutync aad (Tabic III) If 
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TABLE II 


The tnfaerce of svutnic aad upon tf-e ielosis of a 
faslirc rorrral subject* 


Day 

12 3 4 5 6 

Total urine nitrogen, grarrs 
Total ketone bodies, grams 
Succinic aad fed, grams 

5 13 7 00 6 44 5 72 4 03 7 91 
2 17 5 87 5 96 223045 670 
50 50 


* This indiMdual -w-as a female ^\ho ■a’as normal in einrj' 
respect except for being slightlj (S to 10 Icgm ) o\ cn\ eight 
She was 38 >cars old and i\eighed 71 kgm A general diet 
preceded the fast WTiile fasting, three cups of coffee 
without additions were allowed each da> The succinic 
acid was fed in dilute solution 


TABLE III 


Antihetogemc'action of succtntc aad tn fasting rats* 


1 

1 

Gronp 

1 

Bodj 

weicht 

Bod> 

surface 

Total nltroccn | 
excreted per mt 
per da> | 

Total Vetone bodlM 
eiccreted per rat 
per day 

1 1 

Da> 

2 

Da> 
3 1 

Da> 1 

4 1 

Da> 

1 1 

Daj 

2 

I>a> 
3 1 

Day 

4 


crarrs 

5^ dan 

mjTrt 

mem 

mcm 

mcm 

.mem 

mem 

mem 

rngm 

A 

261 

4 63 

47 

56 

43 

51 

so 

72 

72 

74 

B 

256 

4 56 

41 

45 

35 

39 

15 

13 

1 

13 

11 


•There were 10 male rats in each group which were 
fasted for a day before the evpenment and throughout the 
expenmental period Dunng the latter they were alt 
gi\ en 1 cc per scj dem of body surface of a 6 3 per cent 
solution of racemic sodium p hydroxybutyrate twice each 
da> The solution ^i\cn to Group B contained 5 9 per 
cent of sucanic acid in addition 

suffiaent of the sucanic aad is administered the 
ketonuna wall completely disappear as may be 
seen m another expenment 

It IS reasonable to assume that sucanic aad is 
antiketogenic in the normal organism because it 
IS comerted to glucose Tlie relative activity of 
these compounds in this regard should throw some 
light upon this point An excellent ketosis may 
be produced m rats if they are fasted after a 
penod upon a diet loiv in choline and protein 
which results in a fatt}"^ liver (10, 11, 12) When 
a high fluid intake is proMded so as to insure 
large unne -volumes the ketonuna becomes a good 
measure of the degree of ketosis The ketosis 
increases to a maximum on about the third day 
of fasting and then tapers off In companng the 
antiketogenic action of the two compounds tv\o 
milhmols of sucanic acid were fed for companson 
with eacli milhmol of glucose This is the theo- 
retical relation bet-wcen these substances if three 
carbon atoms of sucanic aad go to glucose (S), 
and under optimal conditions one milhmol of 


glucose mat be obtained from eich two millmiols 
of sucanic aad fed to the phlondzinircd dog (8, 
9) Our results in Table IV show tint succinic 
acid has cssentiallj the same antiketogenic activitv 
as an cquiralent amount of glucose 

Substances which exhibit antiketogenic activiu 
are gencrallj, if not alwajs, good gljcogcn fonu 
ers (13, 14) Succinic acid is no exception Tlic 
results m Table V demonstrate that this com- 
pound is practicallj as good a glj cogen former as 
is glucose 

DISCUSSION 

We are unable to explain whj we and others 
(6, 7) have been unable to corroborate in any 
degree the findings of Koranyi and Szent- 
Gyorgyi concerning the desirable therapeutic ef- 
fect of sucanic acid in human diabetes in that 
tlie ketosis may be reduced or controlled bj this 
compound It is probable that their patients had 
not been adequately controlled before the study 
and w'cre exhibiting the benefit of other tlicra- 
peutic measures which had been showing their 
effects slowly when the sucanic aad happened to 
be given There is also, of course, the very re- 
mote possibility that if diabetics differ in the 
cause of their disturbed metabolism one type of 
case might be benefited by succinic acid, and it 
happened that the four patients treated by these 
authors were of this type 

Although not absolute proof, the fact that the 
antiketogenic activity of sucanic acid is propor- 
tional to the glucose it may form is strong evi- 
dence that the antiketogenic action of succinic 
aad m the intact organism is simply a result of 
its conversion to glucose and is not due to any 
catalytic action on metabolism such as Szent- 
Gymrgyi and coworkers (15) and others (Id) 
believe possible 

Our conclusion that in the normal organism 
sucamc aad is as good an antiketogenic agent as 
an equiA’alent quantity of glucose is opposed to 
the conclusions of Deuel ct al (17) regarding the 
activity of this substance A perusal of thar 
data shows why they failed to obtain the same 
results They fed sodium sucanate The suc- 
anic aad was oxidized leawng a substantial 
amount of alkali Alkali is xcry kctogcnic (18, 
19) so that while their glucose-fed group had 
only the formation of ketones by the fasting fatly 
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C? 

150 

321 

0 

2 

0 

0 

33 

29 

26 

21 

2 5 


9 

137 
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1 

0 

0 

0 

29 

27 

24 

22 

2.5 



OS 

0 ^ 


• In ill of thwe experiments Body siirface ” ira* calcoUted from the formula (20) that we have «nenUIy nscd The 
methods of unne coilecUon and adminutenng the vanoo* •olutiota ha\T already bwi desmbed (22 23) 

t Rats whtcii had been on the low protein fatty liver producing diet (12) for 17 day* were tued Urine collections 
were made and the various •oiutions administered begmniot on the first day of fastfng There were 6 rats fn each poap 
the averages for which are given here The solutions were administered in two doses each day the sucdmc add In 2^5 
and 5 90 per cent the glucoae in 2 25 and 4J0 per cent and the NaHCOi m 8 4 per cent solution 

1 The rats h^ been on the special diet for 15 days. CoUectiona were made on and after the second day of faatmg 
Due to an error In calculatioa (the incorrect assumption being made that all four carbon atoms of succinic aad form 
elucose) the glucose fed rats received more glucose than the equivalent of the sucanic aad fed and the antiketogenic 
action was consequently greater The concentration in the solutions of succinic add was 2.95 and 5 90 per cent of 
clucose 3 0 andfib per cent and of NaHCX), fi 4 per cent. The results are averages for S rats in each rnup 

I In this experim^t there were S rats in each group and theyhad been on the fatty H^-er producing diet for 17 days. 
Urine collections were commenced on the first day of fasting The succinic aad solutions were not neutrahied nor rraa 
NaHCOi fed to any of the other groups. AU of the rau were gh-en 1 cc. per sq dent, of ^y surfaa of 1 per cm t NaQ 
twice each day and other aubrtances adrainiitcred were incorporated in this gincose, m 2JS end 7 75 per cent and succinic 
acid m 2 95 and 9 84 per cent solution. .j ^ 

O Tbat rat* were fasted directly from the atock diet coU«Jiot. tMoe corar^ced on the aecMd day of fajtinj m 
ketonnna la due aolely to the alkaJotis produced by the NaHCOj. Till was fed fn 10 5 pw cent tie glucose fn Z Z5 per 
cent end the tuccinJc add in J 95 per cent eolutiona. The teoulta are averages for 6 raU in each group 


































304 


EATON’ M VacKA\, JAMES W SHERRILL, AND RICn\RD H BARNES 


T\BLE V 

Ghccgcrxc acli-^ls of ntcarxe acid ard glucose ir the dbino rat* 


Gmop 

Bod> 

wcicht 

1 

Body 

rarfacr 

Uirtr 

■nrlcht 

Uirer RlyeoRtn | 

Amouni fctl per pq 
cn of bo<l> purfacc 

Minimum 

^^a2c^mum 

Average 

AvtruKC 

NallCCh 

Gluco,c 1 

‘^uedrfe 
ncl j 


[rens 


Crar*is 

fer caU 

fer cent 

fer cent 

m/frr fee cm 
of body surface 


mm 


A 

ISO 

3 20 

4 12 

02 

08 

06 

8 




B 

149 

3 18 

4 92 

7 1 

15 4 

96 

148 


1 25 


C 

150 

3 21 

4 82 

63 

129 

88 

138 

50 

! 

2 50 


* Each group ■was composed of 12 male rats The> ■were fasted for 24 hours and then gi\en bj stomach tube c'cr) 
4 hours 1 cc. per sq dem of bod> surface of the various solutions o', cr a penod of 20 hours, when tnc\ were ancsthctircd 
uath nembutal and the liver glycogen determined (21) All of the solutions contained 8 4 per cent NaHCOi In Group 
B there aas 4 5 per cent glucose and in Group C 5 9 per cent succinic acid in addition 


liver rats to overcome, the group fed sodium suc- 
anate had m addition the ketogemc influence of 
the alkali to overcome Expenment 4 in Table 
IV shows the effect on ketosis of alkali in the 
form of a dose of sodium bicarbonate comparable 
to the alkali involved in these expenments When 
fasting from the stock diet without alkali ad- 
ministration there is no measurable ketonuna 
Whenever we fed sodium succinate we naturally 
added an equivalent amount of sodium bicarbonate 
to the control and glucose-fed groups so that the 
observations m a given experiment would be 
comparable 

SUMMARY 

Sucanic and has no antiketogenic achvity in 
the human diabetic In a normal fasting person 
it IS as antiketogenic as an equivalent amount of 
glucose, to which sucanic aad is converted in the 
phlondzinizcd and probablj also in the normal 
organism 

The ketosis of fasting rats which previously 
had been receivnng a fat^ liver produang diet 
IS reduced in the same degree by glucose as by 
an equivalent amount of sucanic acid These 
compounds are also almost equallj good glycogen 
formers 
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IMMUNOLOGICAL STUDIES IN PATIENTS WITH PNEUMOCOCCUS 
TYPE III PNEUMONIA TREATED WITH SUU- 
FANILAMIDE AND SERUM 


By maxwell FINLAND ahd JOHN W BROWN 
(From tht Thomdihe Memorial Laboratory Second and Fourth Medical Serincex {Harvard) 
Boston City Hospital and the Department of Medicine H ar va rd Medical 
School Boston) 

(RecdTcd for publicatioQ Jamary 31 1939) 


During the past season (November 1937 to 
May 1938) ive had an opportumty to study the 
umnune reactions of a group of patients with 
Pneumococcus Type III pneumonia before and 
dunng treatment with sulfamlamide and type- 
spcciiic antipncumococcal rabbit serums used sep- 
arately or m combmatiotL Observations were 
also made on the effect of these substances iii 
vitro, on the bactenadal action of the blood of 
the patients taken before treatment In this paper 
we present the results of these tests and attempt 
to correlate them with the course of the disease. 
Qimcal results are reported m a separate oommu 
nication (1) 

Tbe Irregular aitd atypkal response of animals to im 
mouxation with Type III ppeumococa bns been reported 
by a number of workers (2) The antibody response of 
human bemgs to Type III pneumococcal pneumonia (3) 
or to imimmizatKm with the specific carbohydrate of this 
type (4) IS quhe shniUr to that of other common pnca 
roococcal types (3 4) Tbe blood of many nor ma l adults 
and children has bacteriadal p roperties agamtt the Type 
ni pneumococcus (5) This bactenadal power Is in- 
hibited by the type-spedfic capsular polysaccharide and 
IS enhanced by specific antiserum (5a, 6) The latter 
can also neutralize the antibactericidal action of tbe spe- 
cific carbohydrate when used in proper coocentrabons 
( 6 ) 

Robertson and his coworkers (7) studied the pnen 
mococddal-pf om otmg action of the lerura of 3 patients 
during the course of Type HI poeuttwnia. There was 
some activity on the first or second day in each instance. 
One patient had a negative blood culture throughout the 
course of the disease and recovered. A second patient 
with less pncumococadal promoting activity in the serum 
1 ml a positive blood culture on the first and second days. 
Subsequent blood cultures were sterile there was an in 
crease m the pneumococddal-promoting action of the 
semm and recovery The third patient had a high titer 
of the poeumococcidal promoting antibody and a sterfle 
blood culture at 48 hours, but begiimrng the following day 
the blood culture became and remained positive and the 
antibody was no longer denwnstrable, tbe bacteremia in 
creased and the patient died. 


Salfanilamidc has been shown to have bactenostatlc 
and bactericidal action on Type HI pneumococa tn vitro 

(8) Expenmental infections with this organism in rats 
and imet have been successfully treated with the drug 

(9) Favorable clinical results m small groups of cases 
of Type III pneumococcal pneumonia have bera reported 

(10) There were no successfully treated bacteremic 
cases except 3 recorded by Bullowa (11) 

MATEaiALS AJfD METHODS 

The pabents chosen for study each had clmical and 
X ray or pathological evidence of pneumonia and Type 
HI pneumococci were identified m one or more spea 
mens of sputum by tbe Neufeld method (12) and/or iso- 
lated after mouse mocolabon. Some had typical lobar 
pneinnonla while In others tbe pulmonary conscUdatioQ 
was atypical b distrlbntlcsi (broDchopneumoma) Tbe 
non-pnenmonle subjects were dtber laboratory xvorkers 
or hospital patents free of febrile disease. Blood for 
culture and for tbe immunological studies was taken 
before treatment was begun and at suitable intervals 
thereafter For the cultures, 5 to 10 ct of blood were 
directly into 100 cc. of suitable broth at the bed 
side and. In adxlrtion 3 cc. were taken in sterile 25 per 
cent atrate solotion and agar plates were poured with 1 
and 2 cc. of blood as soon as possible after it reached the 
laboratory Tbe immunological methods were similar to 
those used m previota studies (13) In the pneuroococ 
ddal tests (5a) the sealed tubes containing tbe defibnn 
ated blood, pneumococci and other added ingredients 
were observed at 24 and 48 hours and changes m the 
color of the blood noted. At the end of this period tbe 
tube containing the smallest number of pneumococci with 
which the blood exhibited color change and all those In 
which tbe blood remained unaltered were broken open 
and cultured on the surface of blood agar plates in agar 
pour plates and frequently also m rabbits blood broth. 
Absence of color change was taken to indicate bacterio 
stasis and failure to obtam pneumococci on culture was 
considered to mdteate bactenadal activity One of the 
tubes m each test was inoculated with 0 1 cc. of the 
original culture and allowed to rotate m tbe meubator for 
one hour after which smears were made of its coolenls 
and itamed with Wnghts blood stam- The number of 
diplococd m SO cootcctrtiTe polymorphonuclear leuko- 
cytes were counted and the percentage of these cells 
containing diplococd was noted (Gc) a 
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bcr of diplococci per pobmorphonuclcar Icukocj-te is re- 
ferred to as the phagocj'tic index 

The Rodcfeller Institute strain of Tjpe III pneu- 
mococcus in use m this laboratory for seicral years was 
employed throughout this study It was passed through 
mice almost daih The cultures used were second or 
third subcultures of mouse heart’s blood in rabbit's blood 
broth in the lag phase of growth, either after 10 hours’ 
growth wnth a small inoculum or, when necessary for the 
imcumococcidal test, after 4 or 5 hours' growth with a 
50 per cent inoculum Pour plates yielded 35 to 120 
colonies per cc, of the onginal culture. The \arulencc 
was such that cither one or both of 2 mice inoculated 
with 10*® cc. imanably died wathin 48 hours 

Sulfanilamide determinations in the blood were earned 
out by the method of Marshall (14) The drug was 
gi\en to the patients by mouth in diiided doses, usually 
at 4-hour intervals 

The therapeutic immune rabbit serums used were mostly 
experimental lots of concentrated serums prepared and 
furnished by the Lederle Laboratones, Inc. The potency 
of some of these preparations was estimated at 1000 to 
5000 units, the umt being defined as 10 times the least 
amount which protects 50 per cent of mice against 100 
fatal doses No estimations were made on some of the 


lots One preparation of unconccntratcd ■scrum was fur 
nished by the Massachusetts \ntito\in and Vaccine Lab- 
oratory 

RESULTS 

Effect of sulfmulanudc on the fncumocorodal 
action of blood in non-fncunionic subjects {TahU 
I) Dcfibnnated blood of 9 subjects was tested 
In 6 instances the sulfanilamide was added to the 
blood in znfro in amounts sufiicicnt to make the 
desired concentration and tested simultaneously 
with the control blood containing no sulfanilamide 
In the 3 remaining subjects a second blood was 
taken after each had receued 10 grams of the 
drug in dnided doses (4 hours after the last 
dose) The concentration of the unconjugated 
sulfanilamide in the second blood was 7 6 to 8 5 
mgm per 100 cc 

As was to be expected, most of the subjects liad 
some pneumococcidal power in the control blood 
Growth or killing m these bloods was complete 


TABLE I 

Effect of sulfanilamide on the phagocytic and pneumocouidal activity of defibrinated blood against 
Type III pnaimococci tn persons vithoiit pneumonia 


Sub- 

ject 

Control tests ■ivlthout eolfannamlde 

Tests with suI/anilamJde 

Phasocytosls 

Pneumo- 
cocci 1 

killed 1 

per 0^ cc 
of bloodt ' 

1 

Concen- 
tration ! 
of free 
eulfanll 
amide 

Pbasocytosis 

Inhibition of grov.'th 
(absence of color cliange) 

Pneumo- 
coed 
killed 
per OJ cc 
of blood 

A\*cnce 

1 number of 
dlplococd per 
polymorpho- 
1 nudftor 

1 leukocjle 

Per cent of 
poI>Tnorpho- 
nuclear 
leukoo tes 
phagoo^ting 

Average 
number of 
dlplococd per 
polymorpho- 
nuclear 
leukocj'te 

Per cent of 
polymorpho- 
nuclear 
leukoo tes 
phagocyting 

24 hours 

48 hours 





(mcm per 










too cc) 






McD 

0 

0 

0 

10 0 

0 06 

6 

10' 

10 

0 

M 

0 1 

8 

0 

5 0 

0 04 

4 

10 

0 

0 





10 0 

0 02 

2 

10» 

10* 

0 





15 0 

0 02 

2 

10' 

KF 

0 





20 0 

0 

0 

10' 

10' 

0 

V 

0 

0 

1(F 

20 0 

0 

0 

10' 

10' 

10' 

Br 

1 

0 06 

6 

10' 

15 0 

0 06 

4 

10' 


10' 

R 

0 06 

6 

10' 

10 0 

0 01 

4 

10' 


10' 

F 

0 

0 

10‘ 

10 0 

0 06 

4 

10' 


10* 

L 

004 

4 

0 

7 6* 

0 08 

2 

10' 


0 

B 

06 

32 

w 

8 5* 

0 40 

28 

10« 


10' 

M 

1 

0 1 

1 

10 

10' 

• 

CO 

0 10 

8 

10' 


10' 


* Blood taken after 10 grams were given bv mouth during previous 24 hours In others, sufficient sulfanila 
was added to the blood m 0 1 cc of saline (m vitro) to make the desired concentration 
t Color change (growth inhlbiuon) at 24 and 4S hours corresponded in each instance 
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within 24 hours In the 3 subjects lacking pneu 
mococadal activity the addition of sulfanilamide 
in amounts to make 7 6 or more mgm per 100 cc. 
resulted in definite inhibition of growth for 24 
hours with inocula up to 10,000 organisms 
Larger concentrations of the drug mcreased and 
prolonged the bactenostabc effect No bacten 
adal effect was notei In the subjects possessing 
pneumococadal activity m the control blood the 
addition of sulfanilanude enhanced this property 
only slightly or not at all Practically no phago- 
cytosis was observed m any of the control testa 
The addition of sulfanilamide had no effect on 
phagocytosis 

Paiiffits possesmig pneinnococadal actnntv be 
fore treatvient {Table II) There were 11 pa- 
tients in whom the imtial blood taken before treat- 
ment was bactenadal for Type III pneumococci 


In only one mstance (D M.) was this property 
associated with demonstrable agglubmns and 
mouse protective antibody This patient was also 
the only one with blood exhibiting any appreciable 
phagocytic activity before treatment Crisis oc 
emred within 24 hours after only 4 grams of the 
drug had been given. In vttro tests performed 
on the preliminary bloods of the 11 patients after 
addition of sulfanilamide gave results similar to 
those obtained m normals. The addition of spe- 
cific serum increased the pneumococadal acbvi 
ties of these bloods 

Sulfanilamide alone was used m the treatment 
of 7 of these patients Later bloods showed the 
same or greater pneumococadal poiver Agglu 
tinms and mouse protective antibodies were dem 
onstrated m subsequent serums in 6 of these cases 
Two of these patients died, one (P F ) on the 


TABLE n 


Paltentt wth Pn^irmococcus Type XII pnewnanui w'hott Hood trox bactericidal 
for Type III pneumococci btfor* treatment teat betun 
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* Numbers represent days of the disease 
f Number of dfplococa killed m 0.5 cc. of blood. 

{This Is the only patient with appreciable phagocytic titer before treatment (1.88 djplococci per polyroorpho- 
nucl»r leukocyte) 

$ A = Autopsy ' 
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13th and the other (A F ) on the 14th daj The 
former had a positne blood culture for Tj-pe III 
pneumococcus on the sixth daj but 2 subsequent 
cultures taken pnor to treatment were stcnle 
Following treatment the patient dei eloped S/a{>hy- 
lococcus aureus bacteremia and died In Patient 
A F no tests were done after the Sth dat Blood 
cultures before and after the beginning of treat- 
ment and at autopsj were all stenle The lungs 
showed bronchopneumonia and cultures showed 
hcmoljlic strcptococa, Staphylococcus aureus, and 
influenza baalli, but no pneumococa One of the 
patients who recoiered (C N ) had a positive 
blood culture on the eighth day but the culture 
taken the next day just before treatment was 
begun was stenle 

Speafic antiserum alone or with sulfanilamide 
was used in the treatment of the remaining 4 pa- 
tients All had negative blood cultures through- 
out and det eloped and maintained a balance of ag- 
glutinins and protective antibody m the blood after 
treatment One of these patients (JR) died 
He rcccued no sulfanilamide, and the lesion in 
the lung extended after serum administration m 
spite of negative blood cultures and a balance of 
agglutinins and mouse protective antibodies 
Tjqie III pneumococci were recovered from both 
lower lobes and, in addition, hemolytic strepto- 
coca and Staphylococcus aureus were cultured 
from one of the lobes 

In general, therefore, patients with pneumo- 
coccidal activit}' in their blood during the disease 
and before treatment de\ eloped homologous tjqie- 
specific agglutinins and mouse protective anti- 
bodies following sulfanilamide therapy and either 
recoiered or died with secondary' infections asso- 
aated with other organisms The only patient m 
whom such antibodies were not demonstrated was 
A F In this patient no tests were done after the 
eighth daj and death assoaated with a supennfec- 
tion occurred 6 da\ s later, dunng which time spe- 
afic antibodies ma% ha\e developed In the 2 
bacteremic patients (A F and C N ) the pneu- 
mococcal infection was apparently overcome at the 
time treatment with sulfamlamide was instituted 
Following treatment wnth speafic serum, a balance 
of agglutinins and protective antibodies was read- 
ily established 

Patients hchvg pneunioeoectdal activity in thar 
blood before treatment (Table HI) In 15 of the 


26 patients tested, the dcfibrmated blood taken be- 
fore treatment failed to kill an> Tvjic III paui- 
mococa or killed onl} the smallest number (4 to 
10 organisms) inoculated info 05 cc of the blcKxl 
Phagoc} tosis, agglutinins, and passive protection 
of mice could not be demonstrated in anj instance 
In zntro tests of the effect of scnmi and sub 
famlamidc w ere earned out w ith the blood taken 
before treatment The addition of sulfanilamide 
to a final concentration of 1 10,000 (10 mgm per 
100 cc ) resulted in marked bactenostasis m 12 of 
14 cases tested Growth inhibition was npjiarcnt 
at 24 hours with mocula of 100,000 and 1,000,000 
organisms and was still effective with flic same or 
slightly smaller mocula after 48 hours' incubation 
m 10 of the tests This bactenostatic effect was 
manifest even in bloods from which pneumococci 
were cultured in large numbers (Cases D B and 
M W ) Actual killing of some pneumococci 
after the addition of sulfanilamide occurred in 3 
instances (and possibly in 4 others m wdioiii blood 
agar streak plates showed no growdh but pour 
plates were not made with the blood containing 
the smaller mocula), but it was always of low 
grade Only 100 or 1000 pneumococci were killed 
in these bloods Phagoiy'tosis was not enhanced 
by the addition of sulfamlamide In Case M \V 
the addition of sulfamlamide to a concentration 
of 15 or 20 mgm per 100 cc resulted in somewhat 
greater inhibition, and 10,000 and 100,000 pneu- 
mococCT, respectively, were killed In the same 
blood, a concentration of 5 mgm per 100 cc of 
sulfamlamide had no effect 

The addition of therapeutic rabbit serums to a 
final dilution of from 1 60 to 1 300 resulted in 
the killing of from 100 to 100,000 pncumococa 
m 0 5 cc of the blood of all but 4 of the patients 
In 3 of the latter 4 cases there was heavy blood 
stream invasion In some instances free growth 
of organisms was inhibited for the first 24 hours 
in the blood containing large numbers of inocu- 
lated pncumococa The addition of the same 
amount of serum together with sulfanilamide to 
a concentration of 10 mgm per 100 cc. resulted 
quite regularly in an increased bactenostatic and 
bactencidal action as compared vvnth cither scrum 
or sulfamlamide alone. Phagocytosis was defi- 
nite!} enhanced only in the presence of scrum, 
and the addition of sulfanilamide produced no 
added effect In the phagocytic mixtures contain- 
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mg the larger amounts of scrum, the results -were 
often obscured by the agglutmation of pneumo- 
coca and of leukocytes and the mjury to the latter 
m raakmg the smears This rendered the safas- 
factory cstunation of phagocytosis impossible. 

In summary, the addition of sulfanilamide to 
the blood of patients lacking bactenadal action 
resulted fairly regularly m moderate to marked 
bactenostasis Occasionally there was some bac- 
tenadal action but no phagcKytosis occurred 
Immune sennn on the other hand, induced bac 
tenadal action and frequently phagocytosis as 
well The combination of serum and sulfam- 
lamide resulted m marked bactenostasis and bet- 
ter bactenadal action than when ather was used 
alone m the same amount 
Tests were done after treatment with serum 
alone m 4 cases after the administration of sul- 
famlamide alone m 2 cases and after both had 
been given m 8 cases The results may be sum- 
marized for each of these 3 groups 
After scnim alone One patent, R F re- 
ceived 40 cc, of serum on the fourth day after 
which no antibodies could be demonstrated by any 
of the tests The blood culture before treatment 
was stenle but those taken on the next 2 days 
showed large numbers of Type III pneumococa 
and the patent died. The additon of serum to 
his blood before treatment failed to mduce pneu 
mococadal actvity The second patent, F S., 
received 150 and 60 cc. of serum, respectively, on 
the sixth and seventh days following which the 
blood showed marked pneumococadal acton, ir 
regular agglutmns and mouse protcctve ant 
bodies, and no phagocytosis Sulfanilamide was 
admmistered during the next 2 days but no fur- 
ther tests were done. Blood cultures were nega- 
tive before and after treatment, and the patent 
died Patents J T and E J recaved ^ and 
100 cc. of antsenim respectively on the fifth day 
of the disease and recovered. Pneumococadal 
actvity and mouse protective antibody were pres 
ent after this treatment and there was transient 
appearance of agglutinins and phagoytosis 
After snlfamJanude alone Both patents A S 
and Ma.McC , recovered without developing 
demonstrable antibodies Blood cultures were 
negative m eath case. The blood of Ma. McC. 
showed growth inhibition when the concentration 
of free sulfanilamide was 65 but not at the lower 


level of 2 1 mgm. per cent The pneumonia in 
Patient A S was aypical with only slight pul- 
monary mvolvemcnt 

After serum and sitlfaittlctmrde Patient M 
McC received sulfanilamide for 2 days during 
which his blood showed only growth inhibition 
Following the adnumstration of serum and fur- 
ther doses of sulfanilamide suffiaent to raise the 
blood concentration of the drug there was some 
pneumococadal activitv There was a transient 
balance of mouse protective antibody hut no og 
glutinins or phagocytosis could be demonstrated 
and the patient died Blood cultures were posi- 
tive before and stenle after soum treatment 
Four other patients m this group died Two of 
them, F I and F M , showed only growth in 
hibition m thar blood but no bactenadal action, 
phagocytosis agglutinins, or mouse protective 
antibody The other 2 eacli developed a good 
balance of antibodies measurable by all of the 
tests One of them, C S developed a hemiplegia 
on the second day after an apparent crisis and 
died 2 days later the other had a prolonged course 
and died on the 24th day AH 5 of these fatal 
cases had Type HI pneumococcus bacteremia In 
Patient C S , no pneumococa could be cultured 
at autopsy and m Patient M W there were mill 
tiple abscesses m the lung which yielded Type III 
pneumococcus and Staphylococcus aureus but 
blood cultures taken after treatment were stenle. 

In two non bactercraic patients L T and J S 
prompt cnsis occurred following treatment, and 
antibodies were demonstrable by all the tests 

The last patient, J K. is of especml interest. 
He recaved 2 cc, of antiserum on the second day 
No further serum was given because of a severe 
chill with nse m temperature to 107° T Blood 
cultures before this dose and on the following daj 
before sulfanilamide therapy ^vas begun were 
both positive for Type III pneumococcus Fol 
lowing treatment with the drug the blood ex- 
hibited a bactenostatic action and on one occasion 
also shovrtd some bactenadal activity No other 
antibodies could be demonstrated before or later 
although the patient recovered by crisis on the 
day after sulfanilamide therapy ^va3 begun 

In summary, when a balance of antibod) de- 
monstrable by agglutination, mouse protection or 
phagocytosis ^vas established and maintained, the 
patients m general, v ■*- ^ 



Pahents wth Pneumococcus Type III pneumonia lotthotU pneumococctdal activity in the blood before treatment 
Effect of specific serum and sulfanilamide in vitro and after their use in treatment 
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the pneumococcal infection If death occurred it 
was assoaatcd wnth complications of the pneu- 
monia or wnth conditions not directly related to 
the pneumococcal infection In 3 patients treated 
wnth sulfanilamide alone recover}' was not assoa- 
ated with demonstrable antibodies One of these 
patients had mild atj-pical pneumonia and 2 had 
sterile blood cultures The third had bacteremia 
and rccei\ed a small dose of serum which had no 
apparent effect on the immune status, either by 
Mitue of the antibody or because of the ele\ated 
temperature that resulted (15), since bacteremia 
was still demonstrated on the day after the high 
fever and no antibodies were found 

Three otlier patients are of interest but are not 
included in the table because pneumococadal tests 
w ere not earned out The first -was a 47-year-old 
man who started on sulfanilamide therap}' on the 
sixth day No agglutinins or mouse protective 
antibodies could be demonstrated following treat- 
ment, and the patient died on the 13th day Blood 
cultures taken before treatment w'ere sterile and 
later ones w ere positive The second patient was 
a bo) of 17 who received 40 cc of speafic anti- 
senim on the third day after whicli agglutinins 
(1 32) and mouse protechon (against 1,000,000 
fatal doses in 0 2 cc of serum) were demonstrated 
in his blood and there was a prompt ensis within 
6 hours of the time the first dose w as given Pre- 
liminar) blood culture was sterile The third pa- 
tient, a man 66 years old, had a negative blood 
culture on the tlurd daj On the following day 
sulfanilamide therap}' w'as begun and the blood 
culture taken before the first dose W'as positive 
for Tjtic III pneumococcus Subsequent blood 
cultures were stenle, agglutinins (1 4) and pro- 
tection (against 1000 fatal doses) were demon- 
strated in the patient’s serum on the seventh day 
and later, and he recovered 

DISCUSSION 

The results of the present studies indicate that 
in human blood, sulfanilamide, either w'hen added 
i« znlro or when absorbed after ingestion, inhibits 
the free growth of large numbers of \nrulent Type 
III pneumococci Concentrations of about 7 
mgm per 100 cc. or higher are apparently neces- 
sarj for this bactenostatic action The drug usu- 
all} has no bactenadal effect on pneumococa of 


this tv-pe c\ cn in concentrations up to 20 mgm per 
cent The same grow th inhibition occurs m the 
blood of non-mfected indniduals and in the 
blood of patients wnth Pneumococcus Tj-pc III 
pneumonia dunng the acute disease Neither this 
growth inhibition nor the bactericidal acluitv 
when It occurs are associated with an} marked 
degree of phagoc}tosis as demonstrated by the 
test emplo}ed here Type-specific antipnciimo 
coccal rabbit serums usuall} enhance the pneiimo- 
coccidal power of blood and this acti\it} is usually 
assoaatcd with phagoc}iosis The combination 
of sulfanilamide and type-specific scrum is more 
effectne than either of these agents used sep- 
arately in promoting bactenostasis and pneumo- 
cocadal activity in the fresh defibnnated blood of 
patients dunng the acute disease 

It IS not surprising that bactenadal actnity was 
not induced with speafic antiserum in the blood 
of some patients acutely ill with Type III pneumo- 
coccus pneumonia In the first place, the potency 
of the serums used was unknown and was fre- 
quently low These therapeutic Type III rabbit 
serums were among the early lots produced and 
expenmental metliods were used in immuniza- 
tion of the animals and in concentration of the 
serums Also, no attempts were made to rule 
out any prozone phenomenon in the tests (6b) 
The patients in whose blood the antiserums failed 
to induce bactericidal action were heavily infected 
and may have required relatively large amounts of 
antibody to neutralize the antibactericidal sub- 
stances presumably present in the blood This 
factor W'as not controlled in the present studies 
The leukocytes were not at fault quantitatively, 
since adequate numbers were found in the dc- 
fibrinated blood at the time of each test It is not 
possible to rule out functional failure of the leuko- 
cytes ather as a result of the disease or through 
the action of the carbohy drate-anticarbohydrate 
combination present in the blood at the time of the 
tests (16) The more recent lots of rabbit 
serums that we have had available have been more 
potent in terms of units and more effective both 
in the test tube experiments and in the regularity 
wnth which a balance of antibodies could be estab- 
lished in the treated patient 

The phagocy'tic test as employ ed here is a rather 
severe one and it is not surprising that this test 
correlated better with the presence of heat-stable 
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antibodies (agglutinins and mouse protective anti 
body) than with the more sensitive pneumococ 
adal test The inoculum m 0 5 cc. of blood con- 
tained, in addibon to approximately 100 000 000 
pneumococci, 0 1 cc. of the ongmal culture fltnd 
This contained a considerable amount of speafic 
antibactenadal material (6b) m the form of the 
capsular polysaccharide. It was necessary to have 
enough antibody to neutralize the action of the 
carbohvdrate and a suffiaent excess to promote 
phagocjtosis Agglutination mterfered with the 
in vitro tests but the phagocytosis was usually 
discernible in mixtures in whidi this reaction 
occurred. 

It appears from the findmgs presented that re 
covery from Type III pneumococcus pneumoma, 
as m other types is usually associated with the 
development of heat stable antibodies demon- 
strable by agglutinins mouse protection and by 
phagocytosis m fresh blood. Occasional patients 
did recover however without demonstrable anti 
bodies In view of the frequency with which the 
Type III pneumococcus is found m the normal 
nasopharynx and particularly m the nasal secre- 
tions and the sputum of persons with chrome 
respiratory infections, the possibihty arises that m 
sudi cases the finding of this organism is only in- 
cidental and that it is not the true inatant of the 
pneumoma in the given case. In 2 of the patients 
(Ma McC and A S ), who recovered without 
developmg type-specific antibodies this possibility 
can not be ruled out since there was only a mild 
atypical pneumonia in one, blood cultures were 
stenle m both, and the Type IH pneumocoed were 
obtamed only from purulent sputum in each m 
stance. However m the third patient J K. 
bacteremia was present and yet recovery occurred 
without antibodies To he sure, there was some 
bactenadal activity on one occasion after recovery 
at a time when the concentration of sulfanilamide 
was low, but no other antibodies were found. 
This suggests that in these cases either recovery 
took place ^VIthout the development of heat stable 
antibodies or that such antibodies were only 
transient so that they appeared and disappeared 
between the times the tests were made, or anti- 
bodies developed against the homologous strain 
but could not be demonstrated with the stock 
strain used The two latter e^qilanaticms need not 
necessarily be mvoked m view of the known van 


abihty with which different animals respond to 
immunization with Type IH pneumococci (2) 

It may be inferred from the present findmgs 
that whatever therapeutic activity sulfanilamide 
may ha\e is probably due to its tectenostatic ef- 
fect If the patient had pncumococadal proper- 
ties m his blood this effect may be suffiaent to 
keep the infection localized until the natural de- 
fenses arc mobilized either through the develop- 
ment of heat stable antibodies or by whatever 
mec h a nism may be involved when recovery occurs 
without such antibodies Obviously speafic anti- 
serum should hasten such recovery unless the 
antigen-antibody combination can occur and pro- 
duce toxic effects tn two, or unless quantitative 
factors such as those operative m the proronc 
phenomenon can occur withm the patient Such 
effects have not been demonstrated but the pos- 
sibility that they may be responsible for some of 
the nnroediate imtoward effects of scrum therapy 
might be considered If these effects do occur it 
should be possible to avoid them by controlling 
the speed of admimstration of antibody m the 
severely mfected patient However it is not 
proper to infer from the closed system involved 
m the test tube expenment that these ill effects 
take place m the arculating blood or tissues of 
the patient 

If the patient fails to develop antibodies or to 
receive such antibodies passively, blood invasion 
may occur in spite of sulfanilamide therapy and 
death may ensue. A consideration of some of 
the pathological features (17, 18) and of some 
of the host factors (17, 19) frequently mvolvcd 
m cases of Pneumococcus Type HI pneumonia 
leaves room for adequate causes of death even 
when the pncinnococcal mfection itself is appar- 
ently overcome. Deaths m such cases may be due 
to systemic diseases to late compheations of the 
pneumonia or to Siqicr infections witli other or- 
ganisms All of these conditions have been noted 
m the present group of cases 

The failure of macrophages to appear m the 
consohdated lung has been offered as an oqilana 
tion of the local spread of the disease and of death 
m patients who have arculating antibodies (20) 
Such a mechanism may have been involved m one 
of the present cases (JR) In this patient pncu- 
mococadal activity was present in the blood before 
treatment with speafic serum. FoUoiving treat- 
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nicnt the lesion extended to the opposite lung, in 
spite of the fact tliat the bactenadal action per- 
sisted and a balance of agglutinins and mouse pro- 
tcctnc antibodies uas established and maintained 
and blood cultures uere stenie both before and 
after treatment I^Iicroscopic sections of the con- 
solidated lobes of this patient re\ealed onlj occa- 
sional macrophages, and pclj-morphonuclear leuko- 
cytes predominated in the exudate 

Further studies uith sulfanilamide and sulfa- 
pyTidine are being continued uith Drs Spnng and 
Lou ell dunng the present season 

CONCLUSION’S 

Sulfanilamide in concentrations of 7 mgm or 
more per 100 cc inhibits the grouth of large 
numbers of Tj’pe III pneumococa in the blood 
of non-pneumomc indmduals or of patients ill 
uith pneumonia due to this organism when such 
bloods lack pneumococcidal actmty The drug 
probably does not influence phagocytosis in these 
bloods It usually exerts no bactenadal effect 
in a concentration of 10 mgm per 100 cc , but may 
do so in greater concentrations 

Patients unth Pneumococcus Ty^pe III pneu- 
monia, whose blood is bactenadal for pneumo- 
oca of the homologous type during the acute 
disease and before treatment, usually acquire 
homologous type-speafic agglutinins, mouse pro- 
tection, and phagocytosis after treatment with 
cither sulfanilamide or serum or both Blood 
im'asion does not occur after treatment in such 
cases and if death occurs it is usually due to super- 
infections or to other conditions not directly re- 
lated to the Type III pneumococcal infection In 
an occasional patient the pneumonia extends in 
spite of the presence of arculating antibodies and 
in spite of the absence of bacteremia throughout 
the disease 

Therapeutic antipneumococcal rabbit serums in- 
duce pneumococadal actmty m the blood of pa- 
tients ill with pneumonia due to this type Anti- 
serum and sulfanilamide used together have a 
greater bacteriostatic and bactenadal effect than 
the same amounts of either the serum or the sul- 
fanilamide used separately The bactenadal- 
promoting property of the antiserum is usually 
accompanied by demonstrable phagocydosis 

In patients whose blood lacks bactenadal prop- 
erties, treatment with sulfanilamide probably ren- 


ders the blood bactcnostatic until bent stable spe- 
cific antibodies (agglutinins and mouse pro'ec 
tion) de\elop or until a balance of such antll)odlr^ 
IS passu ely introduced Wlien such heat stable 
anubodies arc acquired, the pneumococcal infcc- 
Uon is usually oacrcome With antiserums in 
proper amounts, the infection may be o\crcomc 
without the additional use of sulfanilamide, espe- 
cially in patients who arc not hca\ily infected 
Death in either eacnt may nevertheless occur, but 
under such circumstances it is due either to com 
plications or to conditions not related to the Type 
III pneumococcal infection 
Following treatment with sulfanilamide alone, 
occasional patients with Type III pneumococais 
pneumonia recover without de\ eloping demonstra- 
ble homologous type-specific antibodies This 
may occur even if the pneumococcus is rcco\crcd 
from the blood stream 

The authors are indebted to Mrs Mildred W Bamcj 
for technical assistance and to Dr Edward C Cumcn for 
his part in the study of some of the cases 
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The present study compnsing observations on 
21 subjects given high spinal anesthesia, is an in- 
vestigation of the effects of anesthetic denervation 
in normal man uncomphcated by surgical inter 
vention, on the arculation with particular refer- 
ence to the vascular bed of the kidney It is con- 
cluded that the renal arterioles are distinctly au- 
tonomous, m the sense that under basal conditions 
the renal vascular tone is not affected by anesthetic 
denervation Our observations further suggest 
that the artenolar bed generally (apart from the 
skm) possesses considerably more autonomy than 
IS usually attributed to it — suffiaent, in fact, in the 
normal supine individual at rest, to maintain an 
essentially normal arterial pressure. ' We find no 
evidence of sigmficant artenolar dilatation dunng 
high spinal anesthesia such reduction m blood 
pressure as occurs being attnTjutable, we believe, 
to dimimshed arculating blood volume m conse- 
quence of dilatation of the capiUanes venules, and 
veins \ 

Part I deals with the following topics (^) 
Methods, {2) the effects of spinal anesthesia on 
renal blood flow (5) on the arterial pressure, 
and {4) on the reflex responses to posture, hyper- 
capnia, and anoxemia. Part 11 consists of a re 
view of the evidence on (5) the existence of tome 
vasoconstrictor activity and on (d) the existence 
of autonomy m the penpheral artenoles generally, 
and (7) m the kidn^ m particular, and (5) the 
penpheral effects of hypercapnia and anoxemia. 
In (5) it IS brought out that the notion of tonic 
vasoconstrictor activity m the sympathetic nervous 
system apart from the skin is based largely upon 
animal experiments which are scnonsly comph 
cated by general anesthesia venous dilatation, elc , 
and that the information so obtained cannot be 


transferred with confidence to normal animals, 
and certainly not to man 

PAST I 

1 Methods 

The subjecti were male coovalcsctnt patieots rangmff 
m age from 18 to 50 years who with a flsgle exception, 
presented no aboormaJ signs contraindicating selectloQ 
for this thtdy They were examined m the rooming In 
the basal, fasting condlbon, and were prepared for the 
measurement of renal blood flow and fihrttwn rate by 
the clearance method, as described by Smith, Goldring 
and Qiasis (93) In the earlier obsenrabcos the phenol 
red and rnulin (35) clearances were followed, but after 
the introduction of the dlodnst clearance (93) all three 
deartnccs were used. The phenol red clearance serves 
as a check on the dlodrast clearance, the constancy of the 
idienol red/dlodrait clearance ratio before and after an 
esthesa demonstratmg that procame per se has no effect 
upon the tubular excretory mechanism. The infusions 
corresponded to the typical infusion ated by Chasls, 
Ranges Goldring and Smith (18) Zero time was taken 
as the beginning of the prlrmng infusion which occupied 
about 10 mmutes the ufusion was then changed to the 
tustammg infusion, the first urine collection period being 
started at about 30 mmutes. The tustamlng infusion was 
usually mterrupted momentarily to permit injection of 
the anesthetic, and a short washout period was allowed to 
reestablish blood levels of diodrast, ele before the next 
unne colfection period was started. The anne colfcctfon 
penods (10 to 15 mmutes in length) were tuned to 15 
seconds and all unne samples were collected by catheter 
with sterile precauUous, the bbddcr being washed out 
with 20 cc. of saline. (In our opinion, single urine 
collection periods obtamed by voluntary voiding or even 
by catheterization without nnsing the bladder may be 
highly inaccurate we have made nearly 3000 catheterired 
and nnsed collections, and we recognue that it is im 
pouible even by this method to empty the bladder com- 
pletely every tune.) All our observations have been 
made on the descending limh of water diuresis, and to 
prevent an cxcessire reduction of urine flow we have 
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usuall> incorporated 20 per cent Na SO. m the infusion 
fluid Analjscs were carried out as desenbed b> Smith, 
GoJdnnff, and Chasis (93), except that phenol red was 
determined on an E\eIjTi colorimeter, using a Number 
540 filter 

Anesthesia was induced by an experienced anesthetist 
(E R.) b} the intrathecal injection between L3 and L4 
(after local anesthesia of the skin) of procaine crjsfals 
(=norocaine) dissohed m 2 to 5 cc. of spinal fluid 
No prcmedication was gnen The quantities of procaine 
used were somewhat larger than the usual surgical dose, 
since we wished to obtain maximal anesthesia In earlier 
instances the injection was made with the subject in the 
lateral position, after which he was immediately turned 
to the supine and tilted at an angle of — 20° to — 10° 
until the highest le^el of anesthesia was established 
Howe\er, it is impossible by this method to be certain 
that the anterior roots are exposed to maximal con- 
centration of the anesthetic, and consequent!} m later 
observations the subject was injected m the prone posi- 
tion and left Ijing on his face until anesthesia had 
reached its highest point (5 to 10 minutes), after which 
he was turned on his back. Blood pressures were taken 
bj auscultation of the brachial arter} at frequent in- 
tervals The level of anesthesia was conservatively de- 
termined b} sensor} stimulation, the dermatomes being 
designated according to the recent description of Foerster 
(28) Complete loss of all sensation up to and including 
the umbilicus was taken to indicate anesthesia of the 
posterior roots up to and including TI2, to the xiphoid 
process, T7, to just below the nipple, T6, to just above 
the nipple, TS, to the clavncle, T2, to the inner aspect 
of the forearm, T1 , to the hollow above the clavicle 
and the outer shoulder, C4, to the neck, C3 

2 The effects of a)\esthes%a on renal blood flow 

Reflex ohgurta and renal tscheima The dis- 
cussion of the effects of spmal anesthesia upon 
the renal circulation must be prefaced by bncf 
mention of the reflex effects of spmal puncture 
per sc on unne flow and renal blood flow Spinal 
puncture is frequentl} accompanied by an abrupt 
reduction m unne flow and less frequently by a 
marked but transient reduction in renal clearances 
We ha\ e noted that frequentlv , though not invan- 
ablj, the unne flow has fallen abruptly at the 
time of puncture and remained at relatively low 
levels (0 5 to 2 5 cc. per minute) thereafter 
Theobald and Verne} (100) have shown in dogs 
that trauma of the v ertebral penosteum causes an 
inhibition of unne e.Ncretion in the denerv-ated 
ladne} , the} have interpreted this phenomenon 
to be a result of an increased secretion of the 
antidiurebc hormone m consequence of reflex 
exatation of the postenor pituitar} gland, and it 


is probable tint this e.xphmtion applies to thnic 
instances in our observations where the urine flow 
fell sharpl} at the time of puncture without a 
simultaneous change in clcannces We liave 
never observed an increase in unne flow in con- 
sequence of spinal anesthesia, although not spe- 
cificall} designed to examine this question, we be- 
lieve that our observations would have revealed 
any tendency for diuresis to ocatr, were such a 
tendenev present One of us has argued else 
vv'here (92) that “denervation diuresis” is a 
phenomenon which is discoverable onl} in the 
anesthetized animal and our present observations 
lead us to affirm that anesthetic denervation of the 
kidneys has no specific effect on water excretion 

In a few instances the diodrast, phenol red, and 
inuhn clearances have fallen markedly at the time 
of spinal puncture, suggesting constriction of the 
renal arterioles in consequence of accidental trau- 
matic exatation of the penosteum or nerve fibers 
in the spmal canal This phenomenon ma} be 
ehated by a control puncture without the injection 
of any anesthetic, although it is not consistent!} 
reproducible even by a painful stimulus Where 
such reduction m clearances occurs, the disturb- 
ance IS fleeting (10 to 20 minutes), and in the 
data presented here we have excluded the first 20 
to 30 minutes after puncture if any obvious dis- 
turbance did occur 

Renal blood flow From previously published 
observations (18) and from unpublished data it 
can be stated that the blood flow through the 
normal human kidney under essentially constant 
arterial pressure can vary through a wide range, 
the extreme values observed by us to date in nor- 
mal individuals being about 600 to 3000 cc per 
minute However, the renal blood flow tends to 
remain quite constant on any one da} or on w cckly 
re-examinations, unless it is altered b} factors 
obviously of such a nature as to modify the renal 
arculation (adrenm and other drugs, p}rogcnic 
reaction, etc ) When changes m the renal blood 
flow are so induced they arc accompanied b} 
changes m the filtration fraction, indicating a 
disturbance of the relative tonus of the afferent 
and efferent glomerular arterioles The extreme 
values of the filtration fraction that we have ob- 
served under vanous arculatory conditions are 
about 0 08 and 0 33 

From our present data on the effects of spina! 
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anesthesia on renal blood flow we present m detail 
two senes of observations m Figures 1 and 2 
which are fully explained in the legends and a 
summary of pertment data on ah subjects in Table 
I (Six subjects m whom no clearances were 
deterramed dunng the pre-anesthesia control pe- 
nod are omitted from Table I, but this table in 
dudes 2 subjects who are not induded in Figures 
3 and 4, in whom anesthesia rose only to T6 and 


T9 (Numbers 19 and 20) ) Circulatory tests, as 
described m Section 4 , were made upon a number 
of these subjects both before and dunng anes- 
thesia, in only a few instances did these tests have 
any apparent effect on the renal arculation, and 
m analysing the data with respect to the effect of 
anesthesia upon renal blood flow we have with few 
exttpbons compared the average of three dear- 
ance penods before anesthesia with the average 



Fig. 1 Tsr Emrr or Spinal ANtsmtsiA on Rinal Fukchon and Amoial Pkessuu 

IK Subject 17 

DnrmE the pmod Indicted 10 per cent CO, fa air wm admumtered by an aneatbetic fact inaaL. The daU 
from above downward are 

D Diodrait clearance = thfa enrre Indicle the PR/D clearance ratio 

PR Ph^ol red cc of pla.™ per minme. 

J of filtered through the glotneniU) =f«/D 

BP A^tory nSal ^.ure fa nm Hg The figure, wlthm the curve .bow the tpfaal level of complete 
seniory anesthesia. 

^ ^ "^decrease m the mean renaJ plasma flow dunnff anothala up to T5 us computed 

This subject show^ on-thcsia. The marked drop m the absolute filtratjoo rate (33 per cent) and m 

with the 3 control peno^hefo orobabir attributable to the fall m arterial pressure, the mean value of 

the filtratioo fraction (27 per J anestheria- This is the most marked fall m filtration rate observed, 

which decreased 33 per cent m ccnsequcnce of ^ 

and should be compared with Figure or 
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Fig Z The Effect of Spinal Antsthesia on Renal Function and Arterial Pressure 

m Subject 18 

See Figure 1 for meaning of data This subject showed an increase of 8 per cent in renal plasma flow and 
a 4 per cent decrease m filtration fraction dunng anesthesia up to T2. This response resembles the majority of those 
listed m Table I 


01 all clearance penods while anesthesia i\ as at its 
height 

If N-asotonic impulses, necessary for main- 
tenance of eitlier afferent or efferent artenolar 
tone, are earned to the kidneys by the sympathetic 
nenes, anesthetization of the spinal roots up to 
T5 or higher would be expected to result in 
changes of considerable magnitude both in the 
renal blood flow and in the filtration fraction So 
long as the artenal pressure remains constant these 
changes would, m theory, be of the folloiving 
quahtatne nature (a) Afferent dilatation alone 
would be accompanied by an mcrease in both the 
renal blood flow and the filtration fraction, the 
latter nsing in consequence of increased glomeru- 
lar pressure (b) Efferent dilatation alone would 
be accompamed by an increase in the renal blood 
flow, but a decrease in the filtration fraction, the 
latter falling in consequence of a decrease m 


glomerular pressure (c) Simultaneous afferent 
and efferent dilation should be accompanied by the 
greatest increase in renal blood flow wthout 
marked changes in the filtration fraction (d) 
Apart from the foregoing factors, any change in 
artenal pressure would tend to change both the 
renal blood flow and the filtration fraction in the 
same direction^ 

Applying these general propositions to the first 

Iff eqmlibnum betivecn the glomerular filtration pres- 
sure and capsular pressure is not normally reached before 
the blood emerges from the glomeruli, any change in the 
renal blood flow v ould itself alter the filtration fraction 
by prolonging the time of contact The effects of suria- 
tion m the tune of contact and of filtration pressure 
•w ould be in the same direcUon in consequence of changes 
m efferent artenolar tone, and in the opposite direction 
in consequence of changes in afferent artenolar tone. 
These two factors cannot be definitely separated at the 
present time. 
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in both of V horn anesthesia extended up to T2, 
the sjstohc and diastolic pressures r\erc main- 
tained at lerels equal or supenor to the pre- 
anesthesia control penod (Note that m Num- 
ber 2, the sjstolic pressure fell onl}- as the anes- 
thesia receded ) In the remaining 16 subjects 
there wzs some decrease in either the systolic or 
diastolic pressure, or both The s\ stolic pressure 
fell more than the diastolic in e\ery instance ex- 
cept Number 18 In all but 5 instances (Num- 
bers 4, 5, 8, 11, and 17) the diastolic pressure w-as 
maintained at 60 mm Hg or above, and fre- 
quently It did not fall below its control \'alue 
(Numbers 1, 2, 3, 10, and 12) The changes m 
sjstohc and diastolic pressures are not suited to 
summaiy descnption, but the average pressures 
are tabulated in Table I 

The tjpe of blood pressure response observed 
here is, from the point of view' of hemodjaiamics, 
not consonant ivith artenolar dilatation The 
fact that the diastolic pressure may not fall at 
all, that it rarely falls below 60 mm , and that it 
im'anably falls less tlian the systolic pressure, is 
directly opposed to the changes to be expected 
dunng artenolar dilatation Excluding for the 
moment any %olume changes in the post-artenolar 
bed, artenolar dilatation must in pnnaple reduce 
the penpheral resistance, and therefore, at a con- 
stant cardiac output, it -will reduce the diastolic 
pressure, as artenolar dilatation progresses the 
diastolic wall fall to proportionally lower lerels 
until stagnation in the enlarged arterioles preapi- 
tates penpheral arculatorj' failure Moderate ar- 
tenolar dilatation, by increasing the lascular vol- 
ume, will also low'er the sj'stolic pressure, but not 
to the same degree as the diastolic, and it therefore 
will rcieal itself m its moderate stages by a sub- 
stantial increase in pulse pressure at the expense 
of the diastolic pressure Insofar as increased 
capillarj Aolume results from artenolar dilatation 
it can only affect this picture bj exaggerating these 
changes Opposed to the tendenej of artenolar 
dilatation to lower the sjstohc pressure wall be any 
increase in cardiac output which may result from 
increased \enous pressure, and it is conceiv-able 
that wuth moderate dilatation this pressor factor 
could nearly balance the depressor factors, so that 
the sj stohe pressure w ould be w ell maintained * 

s Perhaps the best examples of artenolar dilatation 
arc affo-ded b> the action of adreiua and ephednne. 


The responses recorded in Figures 3 and 4 arc 
rather those to be expected where the peripheral 
resistance has remained uncluingcd, but wlicrc the 
cardiac output has been reduced | During spinal 
anesthesia the heart rate tjpicalh remains constant 
(60 to 70) m unmcdicatcd subjects, at a slightK 
lower rate than dunng the control period (70 to 
80) , other factors remaining equal, increased 
stroke tolume would probably pretent any de- 
crease m cardiac output, and, to account for the 
reduction in artcnal pressure we arc forced to 
look for a decreased stroke aolumc occasioned h\ 
a decreased \enous pressure The most likely 
factors tending to decrease \cnous pressure in 
these subjects are dilatation of capillaries, venules, 
and ■veins m the skeletal muscles, not in conse- 
quence of the abolition of a'asotonic impulses, hut 
simply in consequence of the loss of skeletal mus- 
cle tone It may be that additional venous statj- 
nation occurs in the abdomen in consequence of 
paralysis of the abdominal muscles, and also in 
consequence of the loss of the reciprocal tonic re- 
lationship between the abdominal and thoracic 
muscles, though the contnbution of these factors 
IS uncertain That the skm arterioles arc dilated 
dunng spinal anesthesia is reliably indicated by the 
fact that the skm temperature usually rises, and 
by plethysomographic measurements (sec Section 
3 ) , although this dilatation would of course con- 
tnbute to the expansion of the vascular bed, it 
would also tend to derate venous pressure and 
offset such venous stagnation as may have oc- 
curred 

which lower the peripheral resistance and raise the 5>5 
tolic pressure by increasing cardiac output, chicfl) through 
increasing the venous pressure (the constriction of the 
skin arterioles and perhaps the veins compensating for 
the enlarged vascular bed in dilated areas) For illus- 
trations of the action of adrcnin or ephednne on blood 
pressure in man the reader is referred to the latter part 
of Number 4 in Figure 3 of this paper, or to Figure 6 
of Chasis cl al (18), and to the measurements of cardne 
output and penpheral resistance b> Starr, Gamble, Jfar- 
golies, Donal, Joseph, and Eagle (97), Boger, Deppe, 
and Wezler (8), Wczler and Boger (103a) and Mejer 
and Spiegelhoff (67a) 

* CoTux (20) has shown that durmg spinal anesthesia 
m the dog the spleen nia> expand by an amount equal 
to one per cent of the body weight, or roughlj 12J p'r 
cent of the blood volume, while Barcroft and Elliott (5) 
report that the splenic v olume ma> change by an amovnl 
m excess of 10 per cent of the blood volume. Son' 
splemc dilataUon m man during spinal anesthesia appea'S 
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Relatively moderate hemorrhage cannot be tol- 
erated by an animal in which compensatory vaso- 
constriction IS prevented bj sympathectomy or 
spinal anesthesia a loss of 15 per cent of the 
blood volume may reduce the blood pressure to 
critically low levels, and a loss of 20 per cent may 
be lethal (82, 14, 56) Expansion of the capil- 
lanes, venules and veins of the Bacad muscles 
and of the abdominal veins would be equivalent 
m a subject with vasomotor paralysis below T5 
to a hemorrhage of this magnitude with no ar- 
tenolar dilatation other than m the skm to offset 
this stagnation by raising venous pressure, the 
cardiac output would unquestionably be reduced 
sufBaently to lower the artenal pressure to the 
extent obsen^ed. The reduction of cardiac out- 
put need be of no great magnitude, since vaso- 
constriction m the arms and head could offer but 
negligible compensation in maintaining the artenal 
pressure m the face of the decreased cardiac 
output 

We suggest therefore, that the fall m blood 
pressure m spinal anesthesia results not from 
artenolar dilatation, but from a reduction m car- 
diac output m consequence of venous stagnation. 
This is essentially the interpretation offered by 
Gray m 1909 (37) and by Gray and Parsons in 
1912 (38) who were the first to consider this 
problem cntically, and for our emphasis upon the 
venous side of the arculation a precedent has long 
been established by Yandell Henderson (45) As 
will be shown later there is httle evidence that 
artenolar dilatation occurs and much ^dence 
that It does not 

4 The effects of anesthesia on the reflex responses 
to posture hypercapma and anoxia 

Posture Since it is known that sensory fibers 
are more readily blocked by local anesthetics than 
are motor fibers (33) it ^vas necessary to inquire 
whether tlie vasomotor fibers in the antenor roots 
of our subjects were actually anesthetized. To 
obtain mfonmtion on this pomt we utilized the 
reflex responses to posture and CO*, 

to be the rule, though predie information on this point 
u lacking Although bemodjuamkally the ipleen may 
play a rdle comparable to a major artenovenom fistub 
(60) the pouible importance of Its dllatatKin in increaa- 
mg the volume of the po»t-artcnolar bed cannot be over 
looked. 


When the normal subject assumes the upnght 
posture, reflex vasoconstnction mediated through 
the aortic arch-carotid sinus receptors and the 
bulbar reflex centers serves to raaintam the ar- 
tenal pressure with but httle change. (Sec con 
trol observations on Numbers 13, 14 and 15 ) 
In our subjects with spinal anesthesia, bending 
the body at the waist to an angle of 50® had little 
effect on the artenal pressure (Numbers 12 and 
13) while an angle of 75° produced a shgbt nse 
m pressure in Number 12 and an angle of 90° 
produced a fall m pressure m Number 13 In 
Number 11 the diastohc pressure was mamtained 
but the pulse pressure thmned out m the manner 
charactcnstic of a failing venous return. Only 
in one instance (Number 9) did shght elevation 
(20°) lead to syncope,* hut it is probable tliat 
none of our subjects could have tolerated the 
upnght position for long ivithout syncope, for 
progressive failure of the arculation would most 
certainly have occurred. We endeavored to de- 
tennme the effect on the blood pressure of tghtly 
bandaging the legs with an Esmarch bandage dur- 
ing tilting (Numbers 14 and 15) but the results 
were mdetermmate apparently as much stagna- 
tion occumng m the abdomen as in the legs 

The above observations demonstrate that the 
charactcnstic responses to gravity namely, a nse 
in diastolic pressure and a well maintained s>"3 
tohe pressure, were absent m our subjects indicat- 
ing that the vasomotor pathways were effectively 
blocked.® The observed responses are not such 
as are to be expected if there is maximal dilatation 
of the vascular bed, m which arcumstance im 
mediate syncope should almost certainly occur 
On the contrary, thty suggest moderate capillary- 
venous stagnation, aggravated by gravity 

Hypercapnia In normal animals and man the 
inhalation of gas mixtures contaimng CO, pro- 
duces an abrupt nse m both systolic and diastolic 
pressure, this reflex response bang mediated m 
part through the carotid receptors and in part 

• Interestingly thli was the inbject who ibowed renal 
hy pere ima (tee Table I) 

What appears to be a reflex response to tilUng was 
obtained in Nomber 16, btrt here the level of anesthesia 
was only np to T12 at the time of tilting although we 
may presume that the legs could not parUapate m this 
response, the major splanchnic vasomotor paths u’ere 
still intact 
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through the bulbar centers Ten per cent CO, 
IS suffiacnt to produce a moNimal effect (42, 57, 
59, 64, and 75) Our gas mixtures Mere pre- 
pared b} using an anesthetic appliance equipped 
Math accurate metric flow meters and ivere not 
anal 3 - 2 ed m e\er 3 case, but from the anaUses of 
some of them we can state that the} ranged from 
10 to 14 per cent In Numbers 13, 14, and 15 
the subject Mas tested Mith CO, immediatel} be- 
fore anesthesia to demonstrate that he ga\e the 
t}'pical normal response. Tmo features m this 
normal response are to be noted the nse in blood 
pressure occurs immediatel}, and the pressure 
remains at a maximal \ alue so long as hypercapnia 
persists ' As demonstrating the response of sub- 
jects Mith high spinal anesthesia to h}-percapnia 
Mc call attention to Numbers 10, 12, 13, 14, and 
15 in Figure 4, and to 17 and IS in Figures 1 and 
2 CO, may sometimes cause a nse in pressure, 
but the nse is sIom’ and progressue (Number 10) 
or sloM and transient, disappeanng during the 
hj'pcrcapma (Number 14) More frequently the 
response consists of a distortion of the pulse pres- 
sure Mitliout a significant nse in mean pressure 
(Numbers 13, 15, 17, and 18) In one subject 
(Number 12) 10 per cent CO, had absolutely no 
effect on the blood pressure 

It is to be emphasized that these high concen- 
trations of CO, produce an extreme hjqierpnea 
Mhich must profoundly influence cardiac filling, 
It IS to be expected that the prease effect in any 
instance Mill be influenced by the degree of syn- 
chronization of the diaphragmatic movements 
(tlie intercostal muscles being paralyzed) Muth the 
sloM heart rate (60 to 70) obtaining in these sub- 
jects Further factors influenang the contour of 
the pulse pressure under CO, are the possible 
1 -asoconstnction in the unanestlietized head, arms, 
and hands, mediated through the upper thoraac 
segments, and the pressure of the diaphragm upon 
the abdominal ^^scera, m consequence of its ex- 
treme excursions I^Ioreoier, there maj be small 
quantities of sj-mpathm E throM-n into the general 
arculation from such upper thoraac sj-mpatheuc 
fibers as are still intact, and this hormone may 

■ We fullj realize that the brachial pressures as meas- 
ured b\ auscultation are not accurate measures of the 
mtra-artcnal p'essures, but the qualitative changes and 
mean value unquesUonabU follow the true values closel> 
enough to warrant the conclusions drawn here. 


cause slight ^•asoconstnctlon chcMhcrc in the 
bod} The vanet} of changes m blood pressure 
Mhich MC ohsene under CO, mc Mould atlnhuic 
to these causes, and chief!} to the efftet of tlic 
h}-pcrpnea on cardiac filling In no case docs tlic 
character of the blood pressure rcsjionsc to CO, 
in the anesthetized subject reproduce the normal 
reflex response Wc believe, therefore, tint the 
CO- test demonstrates that under the conditions 
of our observations (anesthetization to T5 or 
higher with the subject imtiall} in the face down 
position) the vasomotor pathvvajs emerging belov, 
T5 are effectively blocked 
Anoxetma We have produced anoNcmia in 
three subjects, m Number 7, when ancsthesn was 
at the level of the neck (cervical cord) a N.-O^ 
mixture containing 86 per cent O, was adminis- 
tered by a small anesthetic face mask for 18 min- 
utes, there were slight variations in pulse rate, 
and this remained at about 70 until the end of 
the anoxic period After 11 minutes of anoxia, 
the subject became apprehensive and began to 
perspire, at 17 minutes twitching movements ap- 
peared about the eyes, and the fingers showed 
spasm, there was profuse perspiration of p.alins 
and face, but no perspiration on the body below 
the clavicle (i c , in the anesthetized regions) , 
premature contractions appeared, and the subject 
complained of dizziness and became lethargic 
Consaousness was not lost and removal of the 
mask effected prompt relief from the anoxic 
symptoms A sample of arterial blood taken just 
before the end of the anoxic period showed 18 1 
volumes per cent Oj capacity, and 86 volumes 
per cent O, content, or 48 per cent saturation 
The(s}stolic pressure m this subject fell, but the 
diastolic remained unchanged In Number 16, a 

N, -0, mixture containing about 15 per cent Oj 
was administered for 8 minutes, after which tlic 

O, content was decreased to 11 5 per cent, this 
mixture being administered for an additional 5 
minutes No signs of anoxia apficared with the 
first gas mixture , after 2 minutes v\ ith the second 
mixture cj'anosis was evident and premature con- 
tractions appieared The heart rate increased 
momentarily from 70 to 78, but v as at 70 at the 
conclusion of the anoxic period Arterial blood 
taken at the end of the anoxic period showed 60 
per cent saturation, in comparison with 84 per cent 
saturation m a sample taken just before the anoxic 
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period (The low value of the first sample was 
unquestionably due to tboraac muscle paralysis ) 
Again the blood pressure showed no marked 
changes In Number 8, a gas mixture containing 
8.6 per cent O, in N, was administered for 4JI 
nunutes After 1 ramute the subject became ap- 
prehensive and restless m 2 minutes twitching 
movements appeared about the eyes and the fin 
gers showed spasm , after rapidly developing cj'a 
nosis the subject began to yawn and gnt hts teeth 
and he became drowsy and went into syncope, 
pure O, \%’as given under pressure for 2 minutes 
dunng which time the cyanosis cleared and con 
saousness was recovered Arterial blood taken 
before anesthesia showed 125 volumes per cent 
Oj capaaty 12 6 volumes per cent O, content 
or 96 per cent saturation a second arterial blood 
sample taken dunng the penod of anoxia and just 
before syncope showed 13 6 volumes per cent O* 
capaaty, 5.S volumes per cent O, content or 42 
per cent saturation The response in this sub- 
ject was complicated by the initially low O, ca- 
paaty which was attributable to anemia. The 
abrupt nature of the syncope suggests that it was 
of the vasovagal type, prcapitated by cerebral 
anoxia, but m any case we do not believe that it 
can be accepted as mdicabve of the normal re- 
sponse, espeaally in view of the almost equally 
severe anoxemia mduced m the other two subjects 
We did not produce anoxemia m our subjects dur 
mg control penods but from the fact that O, 
lack IS normally accompanied by a nse in blood 
pressure, our failure to obtam this effect dunng 
anesthesia affirms our conclusion that the vaso 
motor paths were actually blocked. However, the 
chief value of our observations on anoxia will be 
brought out m Section 8 

PART u 
Dtsatsston 

If the mterpretation given above is correct, it 
m\olves the essentially complete abandonment of 
the view that vasomotor impulses from the cen- 
tral nervous s>stem are necessary in a subject at 
rest to maintain the peripheral artenolar bed m 
Its normal tonic state, not only m the kidneys but 
also in the viscera and possibly in the skeletal mus- 
cles In this interpretation we are at variance, 
not only with nearly all investigators of spinal an 


csthesia who have taatly or exphatly accepted 
dilatation of the artenolcs of the splanchmc and 
other regions as the major hypotensive factor (10 
12, 13 20 27, 56, 62, 67, 81, 88 89, 94 and 98), 
but also With the conclusions draw from numer 
ous ammal experiments upon which the accepted 
idea of the tonic activity of the sympathetic nerv- 
ous system is founded. In view of this fact it is 
necessary to examme the contrary evidence 
cnbcally 

5 The alleged iouK actwtty of the KUoco)isinciOT 
paths 

The notion of vasotonic activity m the sympa 
thctic nervous system in the normal animal is 
based largely upon the fact that the blood pressure 
falls or the penpheral blood flo^v increases im 
mediately after surgical section of the splanchnic 
fibers in anesthetiied cats and dogs It must be 
noted, however that surgical section of the 
splanchnic nerves the lateral gangha, the an- 
terior roots of the cord or the cord itself mvolves 
traumatic exatation not only of vasoconstnetor 
fibers but also of the vasodilator fibers to the 
viscera skin, and skeletal muscles But l^hat is 
more important is the fact that such observations 
have invariably been made m anesthetized animals 

In 1912 Elliott (23) showed that dunng anes 
thesia with etlicr chloroform, or urethane an in 
tact adrenal gland m the cat may be nearly de 
pleted of its content of adrenin whereas a 
denervated gland m the same animal is unaf- 
fected CattcU (17) demonstrated in 1923 that 
ether anesthesia increased the perfusion pressure 
and caused a diminution in the volume of a normal 
limb, but not m a denervated limb, which phe- 
nomenon he attributed to exatation of tlie vaso- 
motor center More recently, Bhatia and Bum 
(7) have shown that ether exates both the central 
and spinal sympathetic centers Ether also causes 
constriction of the spleen (44) Evidences of 
sympathetic exatation m man dunng ether ones 
thcsia have been listed by Knoefel (61) and so 
marked is the systemic pressor action of ether that 
Its inhalation or subcutaneous injection has ac- 
tually been used to elevate the blood pressure 
dunng spinal anesthesia (98 67 1) On the 
other hand, ether anesthesia is accompanied by 
hyperemia m the hind limb (55) by a decreased 
O, A-V difference (nght heart blood) in the 
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dog (90), b} deration of the skin temperature m 
man (21), and b\ other c\ndences of rasodilata- 
tion Consequenth, tlie o\eraU effect of ether 
ancstliesia is difficult to eraluate since the S3*mpa- 
thetic nervous S 3 stcm cames dilator fibers to the 
\nsccra as well as to the muscles in the dog, and 
perhaps also in man PossibK, as Bum (15) 
points out, it exates the “ "VTisodilator center " as 
McII as the rasoconstnetor center It is dear that 
during ether anesthesia eitlicr Tasoconstnction or 
rasodilatation ma 3 ' predominate , ® as White ( 106, 
p 121) suggests, splanchnic constnction may oc- 
cur simuItancousl 3 uith skm dilatation 

An equall 3 '' severe arraignment can be levelled 
against observations made on morpturuzed ani- 
mals jMorphine, in addition to slomng the heart 
b 3 vagal action, depresses the respiratoiy center 
and consequently promotes anoxia and h 3 ’per- 
capnia (76) It is reported that m sympathec- 
tomizcd cats and dogs the blood pressure is quickly 
loucred to cntical levels b} slight degrees of either 
h 3 percapnia or anoxia (see Section 4), and it is 
conceivable that these factors contnbute to the 
marked lu^potension which accompanies surgical 
denervation or spinal anesthesia in morphinized- 
ethenzed animals Furthermore, morphine (and 
more especially scopolamine) causes relaxation of 
the skeletal musdes and thus promotes venous 
stagnation That the h 3 q)otension of spinal anes- 
thesia in dogs IS in fact aggravated by morphine, 
scopolamine, bartiturates, and other anesthetics 
has been pointed out by Seevers and Waters (89) 

In view of the above facts, we may confidently 
reject the acute effects of denervation on blood 
pressure or vTiscular tone, when effected under 
ether or morphine anesthesia, as havnng little bear- 
ing on the normal animal In the absence of more 
information this same cntiasm must be applied to 
barbital, amytal, etc , which cause marked dilata- 
tion of the spleen (44) and modify man> auto- 
nomic responses (15), and to urethane, which is 
known to evoke vasoconstnetor actmty (7) 

Even exduding the possible effects of the sur- 
gical exatation of vasodilator fibers, and of ancs- 

* In ancsthctircd animals small doses of adrenin cause 
a fall m artcnal pressure, a phenomenon not observed m 
unanesthetued animals (22) or man, and manj other 
physiological mversions under anesthesia could be listed 
if space pertmUed. Adrenin may also hare a bj-potcnsive 
acuoa m the sj-mpathectomized dog (105) 


thctics, there remains the question to wlnt extent 
the delicate pattern of the vasomotor s\-tcm and 
the set of the presumptiv dv autonomous penph- 
cral vasomotor apparatus arc caused to depart 
from normal b} the procedures of opening the 
abdomen and fingenng the viscera whercbv tlict 
ma 3 suffer some local exatation, if not traumatic 
injur 3 , by handling, dicing, and chilling 

The S 3 anpathcfic paths arc prcdomiiniUh vaso 
constrictor to the skin , that these derma! paths arc 
tonically active at ordinal^ temperatures (an ac- 
tmty obvaousl 3 subscrvnng the regulation of l)o(l 3 
temperature) is indicated b 3 the facts tint tlie 
temperature of the skin and particularly of the 
digits in man and of the foot pads in the dog, and 
the blood flow in the ear of the rabbit (all regions 
obvaousl 3 ’ important in bod 3 ' temperature regula- 
tion) are increased by sympathectomy (20, 69, 
106, 107) But the mcrcascd volume of tlie hand 
after anesthetic nerve block (30) is scared) more 
than might be accounted for by dilatation of the 
skin artenoles (36) and does not certainly indi- 
cate dilatation in the muscles, much less in the 
viscera 

Spinal ancstliesia is reported to increase the 
rate of flow of perfusion fluid through the fe- 
moral and brachial artencs of the dog (13), but 
these observations are complicated b) barbital 
anesthesia The most creditable evidence of de- 
nervation dilatation m the skeletal muscles is the 
fact that lumbar sympathectomy produces a per- 
manently increased blood flow in the fcmonl 
artcr)' of otherwise normal dogs (thcrmostromiihr 
method under local anesthetic (54, 55)), and the 
increased flow is larger than probably can be 
accounted for by dilatation of the vessels of the 
skin and paw But there remains the question of 
vv'hether sympathetic activity is not evoked dc iiovo 
or considerably exaggerated in conscious but op- 
erated dogs upon handling in the laboratory If 
so, the control blood flow s may be abnormall) low 
Moreover, the lumbar sympathetic fibers to the 
muscles of the dog appear to be predominant!) 
vasodilator, as in man (26, 36, 15) and consc- 
qucntl)' It would not be expected that transection 
would result in chronic h)’pcremia A rc-cxamina- 
tion wnth attention to these questions is needed 

Bradshaw (10) has shown that barbitalizcd 
cats vvnth the carotid artery cannulatcd show a 
marked fall in blood pressure dunng spinal ancs- 
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thesia, whereas sympathectomired cats subjected 
to the same procedure ten days after operation 
showed no change m blood pressure He con- 
cluded that the fall m blood pressure in the con 
trol cats was due entirely to anesthesia of the 
vasoconstrictor fibers But the fact that barbitah 
m addition to modifying other sympathetic re 
sponses dilates the spleen (44) and relaxes the 
skeletal muscles, and may conceivably promote 
anoxia or hypercapnia, casts doubt upon these 
observations in the sympathectomired cat no com- 
pensation (by sympathetic excitation) could be 
effected for venous dilatation induced by barbital, 
as in the controls 

Shaw, Steele, and Lamb (91) have worked with 
dogs which received only local anesthesia for can 
nulabon of the vena cava and femoral artery, and 
fleeting general anesthesia with ethyl chlonde dur- 
ing the intrathecal injection of large doses (10 to 
20 mgm, per kgm ) of procame Though these 
investigators were not concerned with the present 
issues, their experiments are impressive from the 
physiological point of view After spinal anes 
thesia in one dog the blood pressure remained 
iinchangtd in another it tncreasid while in five 
others, during the first 30 minutes it fell by an 
average of 37 5 per cent of the control value. 
These investigators find (as had been demon 
strated by CoTui (20)) that the O, A-V dif- 
ference (nght heart blood) is luvanably mereased 
(because of a fall in the O, content of venous 
blood) a result entirely opposite to what occurs 
in ether anesthesia (90) Under the presupposi 
bon that vasodilatabon is the cause of the fall m 
blood pressure, Shaw and his coworkers were 
forced, in order to explain the paradoxicaliy in 
creased O, A-V difference, to assume that ar- 
teriolar dilatabon had caused the blood to stagnate 
m the anesthetized regions. Their data are open 
to another intcrpretabon the increased O, A— V 
difference could well be the result of a decreased 
cardiac output and m fact, the parenthebcal 
raenbon by these mvesbgators of the existence m 
thar dogs of pulmonary ischemia and of decreased 
arculabon bme support this explanabon. 

If vasodilatabon v,ere the cause of the hypoten 
Sion of spinal anesthesia it should when the ar 
tcnal pressure is only moderately reduced be 
accompanied by an increase in venous pressure 
and therefore m the stroke volume of the heart. 


On the other hand, if venous stagnabon is the 
cause. It should be accompanied bv a decreased 
stroke volume and by a decreased cardiac output 
In dogs Seevers and AVaters (89) (barbital) 
report that the venous pressure is increased by 
spinal anesthesia but only one animal is ated in 
detail and m this the venous pressure did not 
increase until the artcnal pressure had fallen from 
150 to 90 mm Bower, dark Wagoner and 
Bums (9) (ether) report no fall m the pressure 
m the supenor vena cava although the pressure 
in the infenor vena cava is said to have been 
decreased. Agam in dogs Burch and Hamson 
(12) (morphine and barbital) report that an 
average decrease m blood pressure of 44 per cent 
is accompanied by an average decrease m cardiac 
output of 23 per cent These authors state that 
the cardiac output is decreased before the blood 
pressure, but the evidence presented consists of 2 
smgle measurements In man, Polano (74) re- 
ports no change in cardiac output (Broemscr s 
method) m 5 subjects with spinal anesthesia, and 
a decrease in 2 subjects, but m no case ^vas there 
a marked drop m blood pressure. In contrast to 
these results, Schuberth (86) reports cardiac out- 
put m 14 subjects (GroDman s method), some of 
whom had anesthesia as high as the xiphoid or 
nipples (All had received 50 mgm, of ephetonm 
before anesthesia.) In 4 subjects the cardiac out- 
put increased in 2 of these the systolic pressure 
mereased, in one it remained unchanged and m 
the fourth it fell from 155 to 130 mm But m 
the remaining 10 subjects the cardiac output fcli 
the most marked reduebon bang associated with 
the greatesi fall t» pressure In oU but 3 m- 
stanecs the stroke volume decreased Schuberth 
notes the collapsed vans as a sign of reduced 
venous pressure. He also reports a consistent 
fall in cardiac output in rabbits during spinal 
anesthesia. The venous pressure (auricular) in 
rabbits Vr*as ather unchanged or fell, it never in 
creased except under arbfiaal respirabon. In 
both man and rabbits the Oj A-V difference \ra5 
consistently mereased Schuberth concluded that 
the fall m arterial pressure was a consequence of 
decreased cardiac output following " an impaired 
return to the heart but he attributed this im 
paired return to paralysis of the vasoconstnetor 
nerves and does not menbon the possibilit} of 
pure venous stagnabon Nather he nor Shaw 
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Steele, and Lamb (91) discuss the difficulties of 
recoiialing decreased ^cnous pressure, decreased 
cardiac output, and increased O. A-V difference, 
wth the notion of artcnolar dilatation, Mhich, 
sJiort of arculaton collapse, should tend to tii- 
crease Tenous pressure and cardiac output and 
decrease the O. A-V difference Schuberth’s 
control obsenTitions did not immediately precede 
the observations under anesthesia, j et the absolute 
figures for the cardiac output are so low m a 
large percentage of the subjects examined by him 
as to leave no doubt as to their qualitatne sig- 
nificance Accrediting such measurements * after 
partial or complete thoracic paraljsis, a reduced 
cardiac output, sometimes to a very low level, can 
be accepted as a fact This fact, then, combined 
with the blood pressure picture described here, 
points conclusively to lenous dilatation, rather 
than artcnolar dilatation, as the cause of the fall 
in artenal pressure 

6 The evidence bearing on the aiifonaniy of the 
peripheral arteriolar bed 

In explaining the hvpotension of spinal anes- 
thesia, it may be noted that Nowak (70) has ar- 
gued in faior of a toxic effect of tlie anesthetic 

fter systemic absorption, but this explanation 
seems to ha\e been excluded by the intra\enous 
injection of large doses (27, 9) We have ob- 
served no ewdences of systemic toxicity or cen- 
tral respiratory depression in spite of relatively 
large doses of procaine intrathecallv 

Taking first the evidence obtained by surgical 
denervation, it has long been known that after 
spinal transection the blood pressure tends to re-, 
turn to normal levels, the restoration possibly 
being due, in part, to subsidiaiy vasomotor centers 
in the cord (^, 5S) But the denervated vessels 
of the ear in the rabbit, of the paws in dogs, etc , 
and of the hands and feet m man, ultimately re- 
cover their normal caliber, demonstrating that 
even m the skin, where tome vasomotor actmty 

•Xeithcr Seevers and Waters (89) nor Bovver et at 
(9) di'cuss the significance of venous pressure measure- 
ments relative to the atmosphere before and after p3ral>- 
sis of the thorax, nor consider the effect of posiUon of 
the ammal, which presumabl> was tied down upon its 
back- And neither Polano (74) nor Schuberth (86) 
question the vahditj of cardiac output measurements b> 
indirect methods during thoraac paraljsis 


must be accepted, the vnsailar bed posscssc-, nt 
least a latent capacit) for autonomous constriction 
(66, 32, 106, 107) 

The recent observations of Cannon and of IIcv 
mans and their respective collabontors (2, 3, *}. 
16, 73, 79, 82) have shown that the pcnplicnl 
vasomotor apparatus can re-establish an csscntnllv 
normal blood pressure after complete sjmjgithcc- 
tomy, which appears to destroj all constnetor 
paths to the splanchnic v iscera, skin, and muscles 
on!) tlie dorsal root dilators and the vagi reiinin- 
ing intact (101, 79, 68) Rountree and Adson 
(80) have reported a subject with poljarlhntis in 
whom the blood pressure returned to normal after 
cervicothoracic and abdominal ganglionectoiii) 
In all these instances, however, a considerable in- 
tervTil was allowed to elapse after denervation be- 
fore pressure readings were taken, affording an 
opportunity for the peripheral vasomotor appa- 
ratus to acquire slowly and dc novo a degree of 
autonomous activity pcrliaps not present in the 
normal animal It is, in fact, commonly believed 
tliat such is the actual course of events, a belief 
which rests chiefly upon the observed restoration 
of arteriolar tone m the denervated ear of tlie 
rabbit and the denerv’ated skin in dogs or man 

But against this belief may be presented the evi- 
dence afforded by the experiments of Hemiaiiii, 
Morin, and Vial (46, 48, 49), who have destrojed 
the thoraac, lumbar, and sacral cord by a tech- 
nique which permits quick restoration of blood 
pressure The pressure is elevated, presiimabi) 
by v'asoconstrictor excitation, at the moment of 
trauma of the cord, thereafter falling to 70 to 80 
mm Hg, but it recovers to 110 to 140 mm shortly 
after the anesthetic has worn off After vagot- 
omy these " cervical " dogs show no reflex re- 
sponses to excitation of the central end of the de- 
pressor nerve, the bulb or cervical cord, and it is 
concluded that no vasomotor connections pass to 
the periphery except from the spinal cord below 
T1 (49) Here the restitution of blood pressure 
might be attributed to the autonomy of the lateral 
and collateral ganglia, though Hermann, Monn, 
and Cier (52) adduce evidence that these ganglia 
play a negligible role In any case, these investi- 
gators hav e fully demonstrated that a pressure of 
100 to 140 mm can be maintained permanently in 
the dog from a few hours onwards after all con- 
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nections with tlic central nervous system have been 
destroyed up to T1 

The most pertinent observations on blood pres 
sure immediately after sympathectomy are those 
of Gnmson Wilson, and Phcmister (40), whose 
blood pressure readings were taken on unanes 
thetized dogs 3 dajs after the last stage of dc 
nervation They report that the blood pressure, 
which averaged 155 mm before operation, was 
Imvered by an average of 38 mm. by denervation , 
there was no decrease m blood volume to explam 
the lowered blood pressure, nor was there any 
increase m volume such as might be expected m 
the event of an appreciable dilatation of the vas 
cular bed The pulse rate m 3 dogs was slowed 
by the operation from 109 to 69, and the mmutc 
cardiac output estimated hvice before and twice 
soon after operation m 4 dogs averaged 28 per 
cent lower postoperatively The authors say 
' The fact that despite the lowered cardiac output 
and sUght bradycardia a blood pressure averaging 
117 mm of mercury im maintained shows that 
the animals suffered only moderate lowering of 
penpheral resistance as a result of sympathectomy 
This indicates that there is an mherent vascular 
tone which assists m tlie mamtenance of the blood 
pressure at a reduced level immediately after 
sympathectomy This is a conservative state- 
ment for the reduction m pressure after sympa- 
thectomy may be only apparent and due entirely 
to the fact that the blood pressure m the control 
ammals was elevated by exatement In fact 
Gregg Eckstein and Fmeberg (39) report that 
the normal blood pressure of the well trained 
dog approximates 124/85 mm Hg and Vem^ 
and Vogt (105) ate 100 to 120 mm as the range 
of mean artcnal pressure These figures arc sub- 
stantially lower than the control figures of Gnm- 
son et d (40) and are at the level of the figures 
observed m sympathectomized animab 

The observations of Hermann and his collabo- 
rators strongly suggest that the autonomy of the 
vascular bed in the dog adequately demonstrated 
m the chronically sympathectomized animal, can 
carry on within a few hours after denervation 
If such IS the case, it should be immediately 
demonstrable after non traumatic denervation by 
spinal anesthesia 

So far as man is concerned, it is asserted by 
surgeons that one of the advantages of spinal an 


csthesia hes in the circumstance that the ^^5ce^a 
show no hyperemia neither the intestines nor the 
uterus bleeding so freely as dunng inhalation 
anesthesia. It ^va3 from this fact that Gray (37) 
and Gray and Parsons (38), who were among the 
first to mquire critically into this problem, asserted 
that the fall m blood pressure ^vas caused not by 
arteriolar dilatation but by decreased venous pres 
sure The anemic appearance of the vnscera has 
sometimes been attributed to reduced blood pres 
sure but it occurs without appreaable reduction 
m blood pressure and may equally well be at 
tributed to the contracted state of the viscera 
supplemented by normal artenolar tone. 

Bower, Qark Wagoner and Burns (9) were 
unable to demonstrate any mcrease in tlie volume 
of the leg ileum or kidney m the dog dunng 
spinal anesthesia and rejected the possibility of 
vasodilatation. They alternatively attributed the 
hypotension to respiratory embarrassment, pul- 
monary congestion and cardiac failure m conse 
quence of paralysis of the cardiac nerves (?) 
tliough the last two factors do not appear to be 
sigmficant 

It IS clear that anesthetic denervation can be ef 
fected in the dog wTthout substantial reduction m 
artenal pressure We have already referred to 
the report of Shaw Steele and Lamb (91) that 
the blood pressure does not invanably fall, and 
Lundy (65) reports no change in blood pressure 
m two dogs which were maintained by artifiaal 
respiration and with complete paralysis not only 
of the cord but also of the cervical and cranial 
nerves Seevers and Waters (^), having found 
that anoxemia reduces the blood pressure m the 
spinal anesthetized dog apart from the mechanical 
movements of the thorax, ublired O, admmistra 
tion to maintain the pressure and ate an instance 
in which the pressure was raised m this manner 
from 120 to 200 mm (88) In a later paper they 
report two dogs having control pressures of 144 
and 170 mm,, after high spinal anesthesia the 
pressure was maintained dunng artificial respira 
tion with a modified Dnnker respirator at 150 
and 180 mm although it had previously been 
reduced to low levels in an interval when there 
was respiratory paralysis They state that cord 
section at T5 or anesthesia up to this le\'cl results 
only m the slight drop of 5 to 10 mm m s)5tolic 
pressure the tendency for hypotension to appear 
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wth anesthesia abo\c this lc\el thej attnbute to 
anoNia resulting from intercostal paral}sis, an in- 
terpretation Mhidi has also been offer^ b} Hej- 
mans, Bouckaert, and Bert (56) None of the 
in\estigators menboned ha\e taken into account 
tile possibility that t>nng a cat or dog doini upon 
its back Mith the legs extended might senously 
embarrass the %enous arculabon It is diffiailt 
to imagine arcumstances that would equallj em- 
barrass the lenous arculabon in man 

Consideration of tlie abo\ e e\ndence leads us to 
bclieic that m the dog the peripheral artenoles are 
capable of mamtaimng a normal blood pressure, 
as defined by Gregg, Eckstan, and Fineberg (39) 
andby Vemc} and Vogt (105) in trained animals, 
after either destruction of the cord or rapid non- 
traumabc anesthetic denervafaon Consequently, 
it IS to be inferred that basal arteriolar tone in 
the dog IS not dependent upon the tonic actmty 
of the s^Tupathetic nervous system, and it seems 
highly probable that this is also true in the cat 

7 Evidence of the autonomous control of the 
renal vascular bed 

Our conclusion that the renal i-ascular bed is 
■^endowed with autonomous achvity is supported 

' numerous obseiw ations on the renal blood fiowr 
the dog, as measured by means of the Rem 
thermostromuhr However, with few excepbons 
these observ'ations ha\e been made on dogs which 
w ere anesthebzed w ith ether, morphine, pemocton 
(sodium but} l-yS-bromallyl barbiturate), chlora- 
lose or urethane, the abdomen had been opened 
and the renal artery or vein dissected free and 
cleaned in order to put the thermostromuhr in 
place, frequently arbfiaal rcspirabon has had to 
be used, and a few imesbgators report that some 
of their preparaboDs have had to be discarded be- 
cause of anuna All these arcumstances argue 
against the physiological significance of the re- 
sults It mav also be noted that Enger and Gerst- 
ner (24) report that a vasopressor pnnaple ap- 
pears m the blood in consequence of momentary 
renal ischemia, Enger, Linder, and Sarre (25) 
report that the blood pressure begins to nse w ithm 
1 hour after partial clamping of the renal arteiy, 
wlule Vemej and Vogt (105) report a nse in 20 
to 30 minutes Whether this rapidlj developing 
constnction involves the renal arculabon itself has 
not been determined, but it is possible that it does 


In man} im esbgations ph} siological signifinncc 
has been attributed to clnngcs m rcml blood flow 
observed after some hours of experimentation, the 
results being equal!} accredited whether the actinl 
blood flow was 1 0 or 5 0 cc per gram of kidnc\ 
per minute It is to be inferred that the finer ad- 
justments of the renal circulation arc senousU 
modified if not wholl} obscured b} the extrcnicli 
unphysiological conditions under which most of 
the thermostromuhr observations have been made, 
nevertheless, these observations all agree in indi- 
cating that the renal circulation of the dog enjojs 
a remarkable degree of autonomy 

The renal blood flow tends to remain unchanged 
dunng hemorrliage (77) and dunng the increased 
or decreased blood pressure elicited by pressure 
changes in the carohd sinus or b} administration 
of COj or adrenin (43, 95, 96, 72, 102, S3, 84) 
The independence of the renal circulation in the 
face of changing arterial pressure persists after 
denervation (43, 72) It would seem to be in 
line with this autonomy that the threshold of the 
renal vessels for adrenin is much higher than in 
those vessels in the leg (skin and foot pads?) 
which are constricted by this hormone (43) 
Though the kidney does not show “reactive h}- 
peremia” (99), a very significant compensation 
occurs to renal ischemia when the renal artery is 
parbally closed, the renal blood flow is only mo- 
mentanly decreased, shortly returning towards 
normal, and in order to maintain the blood flow 
at a reduced level the clamp must be repcatcdl} 
tightened This phenomenon has been described 
independently by Schroeder and Cohn (85) and 
Enger, Linder, and Sarre (25), and interpreted 
by them as indicating a local vascular readjust- 
ment The increase in phenol red clearance after 
clamping the renal artery in the dog, reported b} 
Corcoran and Page (19), is possibly due to this 
same autonomous dilatation 

Sclinader and Wildbolz (83) have shown that 
acute denervation under morphine-pemocton an- 
esthesia leads, after a short penod of ischemia, to 
a slow but marked increase in blood flow (65 to 
145 per cent above the control) Hemck, Essex, 
and Baldes (53) report an even larger increase 
after denervation under ether anesthesia On the 

Sinular autonomous vascular readjustments have 
been reported m the brain (29) 
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other hand, Handovsky and Samaan (41), work- 
ing with consaous dogs (but dogs in which the 
thermostromuhr was attached to the renal artery 
and in which the ureters and cither the brachial 
or carotid artery were cannulated), found that 
splanchnic section under local anesthesia caused a 
much smaller increase m blood flow (20 to 50 per 
cent) which, moreover, was transient, lasting onl> 
20 to SO mmutes 

In contrast to the above observations, Rhoads 
Van Slyke Hiller and Alving (78) measuring 
the blood flow m an explanted kidney by means 
of urea A-V difference and the urea clearance 
found that local anesthesia of the renal nerves in 
unanesthetired dogs or surgical denervation under 
ether anesthesia was without consistent effect upon 
the blood flow These expenments are open to 
the cnticism that the kidney was already hyper- 
enuc, the other kidney Imvuig been removed about 
2 years previously, and under these conditions it 
is known that the blood flow through the remain 
ing kidn^ (dog) is nearly double its normal value 
(63) We find the renal blood flow m a subject 
who had had a unilateral nephrectomy 5 years 
before observation to be nearly as great (1037 cc. 
per minute) as our average normal figure (1339 
cc per minute) Nearly maximal vascular dilata- 
tion might be expected m such a kidney even 
though its nervous connections are intact But 
apart from this entiasm the results of Rhoads 
et al (78) are consonant with our own m mdi 
eating no tonic control of the renal arculation m 
the normal animal 

<? vasodilaiing action of hypercapnia and 
aiioxcmta on the penpheral vascular bed 
The pressor response mduced m the anes 
thetired dog and cat by COj and anoxemia is con 
verted after section of the vasomotor pathways 
to a profound depressor reaction The cxplana 
tion of this phenomenon is not clear That CO, 
and anoxemia exert a dilating action on artcnolcs 
or capillaries in perfused or isolated organs has 
been repeatedly demonstrated (51), though the 
application of this evidence to the mtact ammal 
IS so uncertain that it need not he considered here. 
But a depressor action la also stnkingly evident 
in mtact denervated preparations The inhala- 
tion of gas mixtures containing from 2 to 10 per 
cent of CO, causes a prcapitatc fall m artenai 


pressure in ergotanuzed dogs (59, 71), m sympa 
thcctomizcd vagotomized cats and dogs (2, 3 73) 
in dogs with spinal anesthesia (56, 89 20, 87) and 
in cervical dogs with the cord destro>cd below 
T1 (47 SO, 51) 

The administrabon of a gas mixture contammg 
2 to 4 per cent of CO, to Hermann s " cervical ' 
dogs produces a 10 mm drop within 2 minutes, 
while 10 per cent CO, produces a profound drop 
in an equal tune. Anoxemia has a similar effect 
18 per cent O, m the respired mixture produces a 
slight reduction m blood pressure, while 10 5 per 
cent O, produces virtual collapse of blood pres- 
sure m 1 to 2 mmutes’ time. (The normal 
pressor response to anoxemia is first converted to 
the depressor response when the cord is destroyed 
up to and mcluding T7, the depressor response 
becoming maximal when destruction reaches T3 
It appears therefore that the vasomotor pathwa>8 
necessary for the normal pressor response emerge 
below T3, and chiefly m T4-5-6 and 7 ) 

There appear to be only 3 possible explanations 
for the depressor phenomenon (1) CO, and 
anoooa may directly or reflexly cause the secretion 
of some humoral agent which exerts a dilating 
action on the vascular apparatus (2) there may 
he vasodilator fibers emergmg from the cord or 
bram above C6 which are centrally exated by CO, 
and anoxia, (J) CO, and anoxia nm> exert a 
dilating action on the penpheral vasomotor appa 
ratus (artencs, capillaries or veins) either by 
direct action on the vascular tissue or mdircctly 
through penpheral neurons Since there is no 
evidence to indicate the secretion of a vasodilating 
humoral agent, and since there is considerable c\t 
dence against the existence of vasodilator paths 
to the viscera emergmg above C6 (49 79) the 
direct action of CO, and anoxia on the penpheral 
vasoneural or vascular apparatus appears to be 
the probable explanation of the fall in pressure 
However, if expenments with isolated perfused 
organs arc excluded we are aware of no evidence 
which ^vlll enable us to deade whether this dila 


^ (Note added in proof ) Contrary to the above, ife 
Donoogh (65a) has recently reported that unancsthelLtd 
lympatbectotnjied dogi although ilightly more icnsltnre 
to anoxia than normal dogi, eem endure 6 per cent Oj for 
5 hours This olwtrvaUoo flhiitratcf the danger of Iran*- 
ferring coccluiicns from aneithetlied to normal anluiali. 
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tation invohcs the artcnolar, capillary, or Tcnous 
bed 

In am case, v e arc faced m ith the paradox 
that m human subjects with spinal anesthesia up 
to T3 or T2, and in whom all ^asomoto^ reflexes 
other than those imohang the head and arms arc 
demonstrabh blocked, neither CO, nor anoxemia 
has anj depressor action We administered CO- 
in a concentration of 10 per cent for as long as 
18 minutes (as m Number 17, Figure 1), or (as 
m Number 15, Figure 4) to the point where in- 
\ oluntar) tw itching appeared in the unanesthetized 
forearms and face, without obtaining an> depress- 
ing effect upon the arculation (See also Num- 
bers 10, 12, 13, and 14 ) Similarh , we are forced 
to conclude from the responses show n in Numbers 
7 and 16 that anoxemia of great seienty does not 
cause dilatation of the penpheral ^ascular bed in 
man wnth high spinal anesthesia In 3 instances 
(Numbers 6, 14, and 16) w'e ha^e administered 
pure O, , the nse in sj’stolic pressure in Number 6 
might ha\e been due to this measure, but in Num- 
bers 14 and 16 the O. had no marked pressor ef- 
fect It has been our experience that O, relieves 
the nausea, restlessness, and yawning that sig- 
nalize bulbar anoxia, but we cannot affirm the 

iclusion which has been reached in dogs and 

s that O, raises the arterial pressure We 
ould not particular!) expect such an effect since 
c\en severe anoxia does not lower the pressure 
It must be noted in this connection that Schuberth 
(86) found no correlation between blood pressure 
changes and changes m the tidal air of a large 
senes of subjects 

So we are again at ranance with the observa- 
tions on anesthetized dogs and cats, for all of the 
observations referred to above have been made 
on anesthetized ammals It maj be that the as- 
tonishing differences in the innervation of the 
nsccra of the rabbit, hare, cat, dog, and monkey, 
as desenbed b) Bum (15), are presumptive evn- 
dence of differences in activit) patterns, and, if 
so. It is clear that studies of the autonomic nerv- 
ous svstem and penpheral vasomotor apparatus 
in other animals must be transferred to man with 
great caution That there are speaes differences 
in the stabilit) of the penpheral vasomotor ap- 
paratus IS probable, for the sv-mpathectomizcd cat 
suffers an acute fall in artenal pressure and ar- 
culatory collapse on slight activnt), whereas the 


svmpathcctomizcd dog is exfrcmciv competent 
phv siologicallv , perhaps even more so tlnn the 
normal animal (2, 4, 11, 73, 31, 6S^) But pan- 
doxicallv, the anesthetized svinpathcctomizcd dog 
IS reported to be more sensitive to CO. than is the 
anesthetized sjanpathectomized cat (4) (See 
footnote 11 on page 335 ) 

But anesthesia alters the set of almost even 
autonomic reflex in the bod) , it profotindl) 
changes the response of the medullar) centers to 
CO, (103,104), and it quite possibU alters the 
response of the peripheral vasomotor apparatus 
Until these observations are repeated on iinancs- 
thetized animals, and until consideration is given 
to the effects of posture on the venous circulation 
in the cat and dog, it would seem premature to 
accept as prov en that there are an) major spccics 
differences in the reactivity of the arterioles If 
these apparent differences are real, we would be 
inclined to attribute them to the fact of man’s 
bipedal habitus We may suppose that the pat- 
tern of the vasomotor system, both contrail) and 
penpherally, is adapted to his upnght posture and 
It IS rather to be expected tliat the peripheral vas- 
cular bed would m its autonomy show greater 
stability against vasodilating factors, even of a 
metabolic nature This suggestion, however, ap- 
plies pnmanly to the arterioles the capillar) - 
venous circulation, unable to reinforce itself, has 
remained at a disadvantage, and in man it is pos- 
sibly more dependent upon skeletal muscle tone 
and other accessory factors than it is in tlic 
quadrupeds 

Our present observations on the importance of 
dilatation in the post-artenolar vascular bed in 
spinal anesthesia add emphasis to the vnevv, long 
propounded by Yandell Henderson, that the 
venous side is the weakest portion of the circu- 
latory system 

SUMMARY AND CONCLUSIONS 

Twenty-one normal unoperated subjects have 
been observed before and dunng spinal ancsthesn 
In 18 of these subjects sensor)' anesthesia was es- 
tablished up to T5, and in 3 subjects to above TI 
That the antenor roots or sjmpafhetic rami have 
been effcctivcl) blocked has been demonstrated by 
the abolition of the ty'pical reflex responses to 
hj-percapnia, anoxemia, and gravit) 

Anesffiesia to lev els considerably above those at 
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This investigation was undertaken to study the 
rate of dimination of injected bile salts from the 
blood of patients with different types of liver 
disease. 

In normal human subjects Joscphson and Lars 
son (13) found that mtravenously injected cholatc 
disappeared from the blood very rapidly Five 
minutes after the mjection only a small part of 
the mjected amount could be found in the blood 
and after thirty minutes the cholate concentration 
m the blood was normal again In one hour most 
of the mjected cholate had been excreted b) the 
liver 

Corresponding results with normal ammals had 
been previously reported by several mvestigators 
This literature was bnedy reviewed by Josephson 
Jungner, and Rydm (11) On the other hand 
Snell, Greene, and Rowntree (22) found that in 
animals with experimental obstructive jaundice 
disappearance of injected bile salts from the blood 
was very much delayed Similar results were ob- 
tained later by BoUman and Mann (3) and by 
Chabrol Cottet and Sallet (6) jungner, Rvdin 
and Josephson (14) studied the elimination from 
the blood of sodium cholate mjected mtravenously 
mto ammals wth different cxpenmental Uver m- 
juncs They found that the rate of disappear- 
ance was different m various kmds of jaundice. 
The elevation of the blood coucentratioa after a 
cholate mjection was as one would expect, much 
greater m experimental jaundice than m normals 
In most cases however the subsequent decrease 
was rather rapid m obstructive jaundice, but de- 
layed m toxic hepatitis The present investigation 
was earned out m order to determine whether cor 
respondmg results could be found m patients with 
hver diseases 

The spontaneous chohe aad concentratiOD m 
the blood of patients vnth hver diseases has been 
the subject of many investigations (2 5 15 16 

iTWj invcibgation was aided by a grant from the 
Foondation, “ Tbcreac och Johan Anderttoni minne.** 


17 21) All these workers used different meth 
ods and their results do not correspond. Usually 
cases of obstructive jaundice seem to have shown 
a high cholate concentration while cases \vith he 
pahtis and arrhosis have given widely ^'a^J^ng 
results For this reason, determinations of the 
bile salt concentration m the blood have never 
been of clmical use. 

Nakagawa, Simuro and Suzuki (19) have tned 
to ^ a bDe and tolerance test by giving patients 
an mjection of sodium dehydrocholate wth subse- 
quent analyses of the unne on substances preapi 
table by acetic aad Thar method, however is 
not sufficiently specific to yield accurate data con 
cermng bile aad excretion 

METHODS 

The expenmento were earned out on 62 patients 
m both medical departments of the Serafimer Hos 
pitaL They were divided mto two groups The 
first includes all cases with evidence of liver or 
bile duct mvolvemenL The second group consists 
of control cases who had diseases m which liver 
mvolvement usually does not occur 

In the elimination tests pure sodium cholatc was 
used Ten ml of a 0 52 per cent solution corre 
spending to 0-5 gram chohe aad was injected 
into a cubital vcm The solution also contained 
25 per cent glucose which prevents the pain usu 
ally caused by an intravenous mjection of a pure 
diolate solution No pams or s>mptoms were 
ever observed in connection with the injections 
One blood sample for cholate analysis was taken 
before the mjection The subsequent samples 
were taken 5 30 and 60 mmutes after the mjec 
tion m a vem on the opposite side than that where 
the injection was made The chohe aad analyses 
were earned out wth the method of Josephson 
(10) * as modified by Josephson and Larsson 
(13) 

* Thu method has been crhiclied by Jenke (9) who has 
churned that it would be nompeafic at low co o ce ntra tions 
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The tests V ere aimed out bct%iccn 9 and 12 
am and all subjects \\erc m the postabsorpti\c 
state At the same time as the first blood sample 
for cholate analisis r\as taken other samples uerc 
drawn for the analysis of bilirubin (Jcndrassik 
and Csikc) and of the icterus index (ilculcn- 
priclit) In addition to the routine tests on bile 
pigments and urobilin Jn the urine and feces and 
the Ha\ test m the urine, the galactose test 
(Braucr) was earned out in most eases and fre- 
quentl} also the Takata test Other Iner and 
blood tests of interest arc not reported in the 
tables as thej were earned out onlj occasional!} 

RESULTS 

A brief summar} of the results obtained from 
the 27 control cases is giicn m Table I, showing 
that there was no marked difference between the 

TABLE t 


Patimls tcithoui Itvcr diseases Concentralton of cholic acids 
in blood before and after injection of OJ gram of cholic acid 



Cholate concentration in 
biood 





I 

Minutes after 
Injetaion 

Difference between 
concentrations* 


Before 

Inlec 

tion 

5 

JO 

60 






II 

in 

IV' 

II-I 

II-III 

lll-l 

Av crage 

mim 

per 

100 

ml 

2 23 

mgm 

per 

100 

ml 

4 40 

mtm 

fer 

100 

ml 

2 47 

mem 

fer 

100 

ml 

2 47 

1 

1 

2 06 

1 93 

0 21 

<r 

Miximum , 

0S4 

40 

67 

47 

46 

1 23 
48 

1 19 
42 

0 65 

+ 1 s 

Minimum ! 

09 

2 2 

09 

02 

04 

02 

-10 


•The sums of and differences between the different 
ai crages do not correspond correctly as one value is missing 
in a few senes 


and erroneous at high According to Josephson's studies 
(10), It IS very probable that the method is specific for 
cholic acids m blood, but it ma\ be admitted that this 
IS not defimteb proicd. In this in\ cstigation and those 
of Josephson and collaborators, a nonspecific reaction has 
no influence on the results, as they deal wnth compan- 
sons of the concentration o\er a short period of time in 
smgle individuals after addition of pure cholates For 
higher concentrations of a degree occumng m jaundice 
before and after chohte injections, the method has been 
<hown by Josephson to give seo satisfactory results 
This has been confirmed ra this laboratory 


climimlion mtc in these ciscs nnd tin* m nnrtmf 
eases rcccitnng twice this amount of clinhtr. os 
desenbed b\ Josephson md Larsson (13) The 
elevation of the blood cholates 5 minutes after the 
injection was much less than would be expected 
b\ dilution in the total volume of the blood Tlic 
rate of disappearance of the cholates was mort 
rapid than that of other liver active substances, 
f ff , bromsulphalcm (IS) As the 5-niinutc sam 
pics were taken during the rapid decrease of the 
blood cholates it was quite natural that the con- 
centrations found, and the differences between 
these and other values should show great varia- 
tions After 30 minutes the cholate concentration 
was normal again 

Three of these cases showing values within the 
normal limits were treated for severe tlijrotoxi- 
cosis This may be of interest in connection v\ itli 
an investigation by Schmidt (20) showing tint 
in rabbits treated with thyroxin, the chinination of 
injected cholates was considerably delajed It is 
also well known that other liver function tests 
often give pathological values in eases of livTcr- 
thyroidism (literature reviewed by Bartels (I)) 

The results from the patients with liver sjmp- 
toms are showm m Tables II to V 

To some degree the original cholate concentra- 
tion in the blood of these patients corresponded to 
the degree of jaundice, but there were several ex- 
ceptions No difference could be found between 
the concentration in different kinds of jaundice 
In the cases with caranoma, arrhosis, or conges- 
tion of the liver without jaundice there was no 
elevTition The concentration was also normal in 
a few cases with jaundice The tests in (Jascs 
14, 15, and 20 with hepatitis were earned out 
during the recovery periods which explains the 
normal values 

The elevation of the cholates after the injection 
varied vvidcl} but was increased m jaundice and 
highest in the most jaundiced eases 

The subsequent decrease showed interesting 
characteristics In eases with liver tumors the 
decrease was nearly as rapid as in normals As a 
rule, the difference between the 5-minute and the 
30-minute values was above 2,2 mgm per 100 ml 
There were two exceptions Case I, in addition 
to the obstructive jaundice, had an acute cholange- 
itis wnth multiple abscesses and extensive destruc- 
tion of the liver parench}Tna, and C^c 4 had no 
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signs of biliary obstruction and a normal climma 
tion curve. 

In acute hqiahtis the decrease was mudi 
slower m Case 1 1 the difference bet\\ een the 5- 
minute and the 30-minute ^'alue w'as 1 1 and in 
Case 12 1 4 but in other cases it l^’as not over 
OS mgm per 100 ml Case 20 with subchromc 
hepatitis later developed a biliaiy arrhosis with 
asatea 

Two cases of cholecystitis and the cases with 
Irver edema showed normal elimination curves 
One case of arrhosis with severe jaundice had 
an elimination curve of the hepatitis type Other 
cases with arrhosis reacted normally 

The elimination curves did not correspond to 
the other liver tests 

The sharp difference between the elimmation 
curves m jaundice due to obstruction and m hepa 
titis corresponds \'ery well fo the results of Jung 
ner, Rydin and Josephson (14) This difference 
was found even more regular^ m human cases 
of liver diseases than it was m the animaJs with 
expeninental jaundice. It is possible that the first 
disappearance from the blood of the major part 
of the injected cholates was due to adsorption of 
the bile aads to tissues other than the hver The 
subsequent sharp decrease m cases of obstruction 
could bfe referred to absorption by a still func- 
tioning hver parenchyma, accordmg to Bollraan 
and Mann (4) and Chabrol Cottet, and Sallct 
(7) Following this first decrease a sbght in- 
crease one hour after the injection was observed 
in some cases This could be due to a partly 
maintained arculaticm of the bile salts by the aid 
of the lymph vessels of the liver as m experimental 
obstructive jaundice (12) The existence of sucli 
a short arcuit of the bfle arculabon m obstructive 
jaundice is also supported by the recent expen 
ments of Doublet (8) who recovered bile pig- 
ments m the thoraac lymph of dogs a few minutes 
after applying slight pressure in the bile ducts 
In hepatitis the absorbing function of the liver is 
diminished and consequently those bile salts which 
are not adsorbed by other tissues remam in the 
blood and the decrease is slow 

SDMUASY 

In. Jaundice, the increase of the cholic aad con 
tent m the blood ai er an injection of sodium 
cholate is greater than in normals It is not 


greater m liver diseases without jaundice The 
subsequent decrease is delayed m acute hepatitis 
but not in jaundice due to obstruction of the hilc 
ducts A cholic aad ehrainahon test seems to be 
Ti-aluable in the differential diagnosis bet\\ ecn these 
two kinds of jaundice. 
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The physical and chemical properties of normal 
synovial fluid have never been well establisbed* 
In consequence there exists no uniformity of 
opimon concerning its mode of formation If we 
possessed mformation concerning the origin and 
nature of normal synovial fluid we would be in a 
position to mterpret more correctly the abnormali 
ties encountered in pathological joint effusions 
and to detennme their diagnostic sigmficance. 
Information of this type should also increase our 
knowledge of the factors involved m the produc- 
tion and maintenance of jomt effusions 

In 1691, Havers (62), on the basis of histo- 
logical examinations, concluded that synovial fluid 
was a secretion from synovial membrane glands 
Since then various descnptions of synovial fluid 
and theories concerning its origin have appeared. 
This lack of a gr e em ent is readily explained if one 
exammes the data upon which the vanous theories 
are based. Some of them are based solely on 
histological studies Others represent conclusions 
drawn from chemical analyses of pathological 
synovial fluids The data on pathological fluids, 
many of which are incomplete, vary markedly and 
arc ifficult to interpret without knowledge of the 
normal and a better understandmg of the factors 
responsible for the formation of pathological 
fluids The existing data pertaining to normal 
synovial fluid are very meagre, except for com 
plcte cytological studies (6 73 122) 

The vanous theones proposed and the data on 
which they are based are presented m bnef 

1 That synovial fluid is the secretory product 
of synovial membrane cells or glands This 
theory onginally proposed by Havers (62) and 
supported by many subsequent workers (4 11 

1 This fa pobUcaUon Na 29 of the Robert W Lovett 
Memorial for the itudj of crippling duease, Harrard 
Medical School, Boitoo, Mas*. 

» The expenses of this invesUcatlon have been defrayed 
by grants from the Rockefeller Foundation and the 
Ccnraonvrcalth Fund. 


16 25 52, 65, 70, 77, 85 93 99, 103, 105, 107 
112) is based chiefly on histolc^cal examinations 
of synovial membrane Drawmgs or photomicro- 
graphs of such glands have never been presented 

2 That synovial flmd is chiefly the product of 
secretion by synovial membrane cells with the ad 
dition of a transudate from the capillanes and 
lymphatics (78 90) This theory is for the most 
part based on histological studies More recently 

(77), on the basis of certain physical and 
chemical measurements of normal and pathological 
synovial fluids concluded (1) that normal syno- 
vial fluid 13 secreted by the synovial membrane 
(2) that pathological synovial fluid contains both 
secretory and circulatory products 

3 That synovial fluid is a mixture of the prod 
nets of disintegration of synovial membrane 
rubbed off during joint motion and a transudate 
from the capillanes and lymphatics This theory 
presented by Frenchs m 1846 (45) has been sup- 
ported m a modified form by other workers (1 
21 31, 35, 56 57, 59 100 110) Here again 
histological studies serve as the chief basis for 
such conclusions 

4 That synovial fluid is formed as a result of 
destruction of cartilage because of constant use. 
Onginally proposed by Ogston (97) and Banchi 
(5) this theory has received no support except 
for the statement by Fisher (35) in which he sug 
^ted that a portion of the synovml fluid muan 
might be denved from articular cartilage ns it 
becomes worn. 

5 That synovial fluid is a dialysatc from the 
blood capiUanca This theory was first suggested 
by Bichat (12) in 1812 He concluded that tlie 

glands desenbed by Havers were fat deposits 
and that sjTiovial fluid is formed directly by ex- 
halation of the blood capillanes This theory 
has been proposed by many workers (2, 8 13 20 
27, 46 64 69 72) More recent reviews (98 
102) of the existing data on sjoiovial fluid have 
led to the conclusion that synovnal fluid ii in ready 
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The physical and chemical properties of normal 
syno\Tal fluid have never been well established. 
In consequence there exists no umformity of 
opinion concerning its mode of formation If we 
possessed informaticm concermng the origin and 
nature of normal synovial fluid, we would be m a 
position to interpret more correctly the abnormali- 
ties encountered in pathological joint effusions 
and to determine their diagnostic significance. 
Information of this type should also increase our 
knowledge of the factors involved in the produc 
bon and maintenance of joint effusions 

In 1691 Havers (62) on the basis of histo- 
logical exammabons, concluded that synovial fluid 
was a secretion from synovial membrane glands 
Smee then vanous desenpbons of synovial fluid 
and theones concerning its origin have appeared 
This lack of agreement is readily explained if one 
examines the data upon which the vanous theones 
are based. Some of them are based solely on 
histological studies Others represent conclusions 
drawn from chemical analyses of pathological 
synovial fluids The data on pathological fluids, 
many of which arc incomplete vary markedly and 
are difiicult to Interpret without knowledge of the 
normal and a better understanding of the factors 
responsible for the formation of pathological 
fluids The existing data pertaining to normal 
synovial fluid are very meagre, except for com- 
plete ecological studies (6 73 122) 

The vanous theones proposed and the data on 
which they are based arc presented m bncf 

1 That synovial fluid is the secretory product 
of synovial membrane cells or glands This 
theory onginally proposed by Havers (62) and 
supported by many subsequent workers (4 11, 

^ Tim Ii publication No 29 of the Robert W Lovett 
Mcrooritl for tbe itody of enpplinc dUease, Harvard 
Medical School, Borton, Mass. 

* The expense* of thk investigauoa have been defrayed 
by grant* from tbe Rockefeller Foundation and the 
Gjtnmonwealth Fund. 


16 25 52 65, 70 77, 85 93. 99 103 105, 107, 
112) 13 based chiefly on histological examinations 
of synovial membrane. Drawings or photomicro- 
graplis of such glands have never been presented 

2 That synovial fluid is chiefly the product of 
accretion by synovi^ membrane cells wth the ad 
dition of a transudate from the capillancs and 
lymphatics (78, 90) This theory is for the most 
part based on histological studies More recently 
Kbng (77), on the basis of certain physical and 
chemical measurements of normal and pathological 
Synovial fluids concluded (I) that normal syno- 
vial fluid 13 secreted by the synovial membrane, 
(2) that pathological synovial fluid contains both 
secretory and circulatory products 

3 That synovial fluid ss a nuxture of the prod 
ucts of dismtegratiOD of synovial membrane 
rubbed off during joint motion and a transudate 
from the capiUanes and lymphatics This theory 
presented by FrencHs m 1846 (45), has been sup- 
ported in a modified form bj otlier ivorkers (1, 
21, 31, 35, 56, 57 59, 100 110) Here again 
histological studies serve as the chief basis for 
such conclusions 

4 That synovia] fluid is formed as a result of 
destruction of cartilage because of constant use. 
Ongmally proposed by Ogston (97) and Banchi 
(5) this theory has received no support except 
for the statement by Fisher (35), m whidi he sug- 
gested that a portion of the synodal fluid mucm 
might be derived from articular cartilage ns it 
becomes worn 

5 That synovial fluid is a dialysate from the 
blood capillancs This theory was first suggested 
by Bichat (12) m 1812. He concluded that tlie 
‘ glands described by Havers were fat deposits 
and that synovial fluid is formed directly by ex- 
halation’ of tlie blood capillancs This theory 
has been proposed by many workers (2, 8 13 20 
27 46 ^ 69, 72) More recent reviews (98 
102) of the existing data on sjmavial fluid have 
led to the conclusion that ^aiovial fluid is m ready 
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diffusion cquihbnum with plasma and except (or 
the presence of muon would be considered a dif- 
fusatc or a simple ultrafiltrate of serum Such 
conclusions arc based on histological studies or on 
incomplete chemical anahscs of pathologioil svmo- 
vial fluids except for those of Peters (9S) which 
represent conclusions based on our data 

6 Tiiat svmonal fluid is the spcaahzed fliud 
matnx of a specialized connective tissue lining an 
enlarged tissue space, the joint cavitj (23, 68 
71, 75) According to this theorj, which is based 
on analog} with no experimental evidence except 
histological studies, the s}Tiovial fluid muan cor- 
responds to the mucoid constituent of other con- 
nective tissues The conception of mucin as the 
ground substance of S}TiovnaI tissue (1 16) is m 
accord with this theor} 

Disaission of these theories at this time is un- 
necessary It IS sufficient to state that no one of 
them has gamed general acceptance because 
knowledge of the ph}Sical and chemical properties 
of s}Tiovial fluid has been msuffiaent to allow one 
to speak with certainty concerning its ongm or its 
nature 

In the present investigation, extensive ph}sical 
and chemical anal}scs of simultaneously obtained 
arterial blood and normal svmovial fluid were 
made It was hoped that a complete charactenza- 
tion of normal s}novnal fluid, a companson of the 
distribution ratios of electrol}’tcs and non-electro- 
IvTcs betw een scrum and fluid wath those for other 
bod} fluids and iii vivo dial} sates and anatom- 
ical studies would allow us to conclude which one 
of the prev lousl} mentioned theones is correct 

In smaller laboratoty animals and m man, nor- 
mal s} novnal fluid is present m such small amounts 
tluit aspiration is difficult Furthermore, anal}ses 
of such small quantities of sjaiovial fluid would 
necessitate the use of niicrochemical methods 
These difficulties are readil} overcome if one re- 
sorts to voung western cattle because the astra- 
gilotibial joint contains a large amount of rcadil} 
available normal svnovial fluid Therefore, the 
present studies were made on arterial blood and 
svmovaal fluid obtained from v oung w estem cattle 
immcdiatel} after thc} had been slaughtered It 
was impossible to hav e the animals under standard 
conditions Dunng the week previous to slaugh- 
ter, the} liad been transported m cattle cars and 
prcsumabh liad stood fo' abnormall} long periods 


of time At thc time of «hiightcr, the\ wc'c V'' 
fasting and had not been at rest 

Thc svmovial fluid was aspirated from the a<ln 
galotibial joint under paraffin oil Thc aiiinu ,• 
of fluid obtained from a single joint varied Iw'- 
tween 20 and 50 cc ‘\n} obvioiish abnornnl 
fluids (prcsiimabl} produced b} previous traiimal 
sudi as blood-tinged, deep }cllow, or turbid fluuU 
were discarded Blood was obtained from the 
carotid arteries under paraffin oil No anti 
coagulant w as cmplo} cd Thc blood and thc fluid 
were kept on ice until centrifuged, some 60 or SO 
minutes later 

The total quantit} of sjnovial fluid obtained 
from these animals ma} have been greater than 
nonnal because the animals had stood for abnor 
mally long penods of time m transit East In 
man under such conditions, transudation of an cs 
sentially protem-free fluid from thc blood capil- 
lancs into the tissues of thc leg takes place (80, 
84, 111, 125) If similar transudation of an cs 
sentially protem-free filtrate occurred m tlic^c 
cattle, sonic dilution of thc normal sjnovin! flind 
may liavc resulted Membrane equilibrium, if 
present, should be maintained, however, despite 
the increased amount of fluid 

The following chemical methods were used ’ 
clilonde, Eiscnmann modification of the Van 
Sl}ke method (30) , carbon dioxide content, Van 
Sl}ke and Neill (114), inorganic phosphate, 
Fiske and Subbarow (40) , sodium, Rourkt's 
modification of the Kramcr-Gittlcman method 
(101), potassium, Fiske and Litarczck (37), 
calcium, Fiske and Logan (38) , magnesium, 
Fiske and Logan (39) , nonprotem nitrogen, Folin 
and Wu (42) , uric acid, Benedict and Behrc (9) , 
urea, Lieboff and Kahn (86) , sugar, Folin (41) , 
total base, Fiske (36) , sulpliatc, Fiske (36) , 
freezing point, Beckmann (34) , fatty acids, Sto<l' 
dard and Drury (108) , cholesterol, Bloor (14) , 
lactic acid, Fnedemann, Cotonio, and Shaffer 
(47) , osmotic pressure was determined bj thc 
Krogh method (79. 81), using collodion man 
branes which were made according to Krogh s 


»Wc are indebted to Dr D F Loev en for tbe o' 
motic pressure readings , to Dr C Daley for the 
mmauon of the temperature coefficients, to Min^ D 
Sloane for thc freezing point determinations, and to frs 
D Gilhgan and Miss M Rourkc for thc pota's un 
esUmations 
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directions and had minute nuinter* from 100 to 
200 as described by Zsigmondy (126) The pH 
was detemimed by means of a Meinms glass elec 
trade, measurements being made at 25“ to 28“ 
and corrected to 37“ by the use of a temperature 
coeffiaent The temperature coeffiaent for the 
pH of synovial fluid was found to be approxi 
mately half that for serum (ApH/A( = 0 006 for 
synovial fluid, 0 012 for serum) In the flrst fif- 
teen cases, the pH was not determined but was 
calculated from the Henderson Hasselbalch equa 
tion. The carbon dioxide tension used in the 
equation was estunated from the carbon dioxide 
content and the carbon dioxide absorption curves 
(109) Speolic gravity was determined by the 
use of specific gravity bottles with open capillary 
outlet of the type desenbed by Moore and Van 
Slyke (94) Total sobds were determined by 
drying a weighed sample of approximately 1 gram 
at 100“ C for 48 hours Viscosity was deter- 
mined both by a Hess viscosimeter and by an Ost- 
wald viscosity pipette. 

The protem other than muan was calculated 
from the total nitrogen (obtamed by a modified 
macro-Kjeldahl method) The difference be- 
tween the total mtrogen and the sura of the non 
protein and mucin nitrogen was mulophed by the 
factor 6,25 Mucm was determined by precipi 
tation with 1 per cent acetic aad and repreapi 
tation with acetic aad from a 0 1 per cent sodium 
carbonate solution The difference in total mtro- 
gen before and after preapitahon, representing 
the muan mtrogen was converted to muan by 
the factor, 8,14 (the fartor of 8.14 has been ob- 
tained m this laboratory by analysis of pure 
muan) In cases an which the muan was not 
detenruned, an estimated muan nitrogen of 0 015 
grams per 100 cc. was used for calculation of the 
protan, Albunun and globulin contents were de- 
termined both by a modification of the Howe 
method (67) and by the method of Butler and 
Montgomery (18) 

RESULTS 

Fifteen jomt flmds and sera were analyzed in 
great detad and 45 other fliflds and sera were 
analyzed in part In Table 1 are given the values 
for cytology and chemical composition in the fif- 
teen fluids analyzed in detail The chemical con- 
stituents are expressed m concentration for each 


1000 grams of water in the serum or fluid. In 
these fifteen cases the water content was obtamed 
from determinations of the total solids and specific 
gravity Calculated values for the water content 
of these same fluids were obtamed for comparison 
bv the use of the formula l'f'=996 — 085 P 
where IV is the water content m grams per 100 
ca and P represents the grams of protem per 100 
ca The calculated values also are given m Table 
I and are seen to be m close agreement with the 
observed values In fluids in which the water 
content ivas not determmed directly it was calcu- 
lated from the above formula. In calculatmg the 
eqmvalent bicarbonate, of the carbon dioxide 
content of the flmd or serum was assumed to 
represent free carbonic aad The proportions of 
primary aad phosphate, BH,PO, and secondary 
phosphate B,HPO, m the serum and the flmd 
were calculated from the Henderson formula 



using the value for pK' in blood as 6 8 

The results will be presented under the headings 
of cytology, physical charaaenstics protem con- 
stituents, distribution of non-electrolytes enzymes, 
and distribution of electrolytes In each case the 
findings will be compared witli those found by 
other workers for synovial flmd and other body 
flmds The results will be analyzed with the aim 
of deterrammg whether they provide evidence that 
would mdicate whether or not synovial fluid is a 
dialysate in eqmlibnum with blood plasma. Ex- 
periments with dialysis in intro are, m general, 
not acceptable as evidence m the solution of this 
problem because all such experiments are open 
to question since absolute physiological conditions 
are not reproduced Therefore, the problem can 
be studied best by a determination of the distri- 
bution of substances between arterial serum and 
synovial flmd and a comparison with the ratios ex- 
perted in accord with the known physicochemical 
laws of eqmlibnum across semi permeable mem 
branes Further evidence can be obtained by a 
companion of the distnliution ratios with those 
of the same substances between serum and the 
«t vma dialysate (55) and between serum and 
other body fluids which have been shown to have 
the composihon of dialj'sates of blood plasma 
(lymph and edema flmds) Recent studies on 
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llic nature of h-mpli and edema fluids ha\c gi\cn 
results in accord wath those obtained b} did>sis 
and \ ith those expected from the laws of mem- 
brane cquilibnum Recent workers agree that the 
concentrations of inorganic constituents of Ij-mph 
and edema fluids are such that these fluids ma} 
be regarded as ultrafiltrates or dial) sates in cqui- 
hbnum with plasma (See review of subject by 
Landis (83) ) 

Cytology 

Normal cattle sjmovial fluid is relabvelj acellu- 
lar The average nucleated cell count of this 
senes is 131 cells per cu mm , wath a maxi- 
mum of 250 and a minimum of 65 The ciythro- 
c)te counts show an average of 194, vvath a maxi- 
mum of 1540 and a minimum of 0 These values 
are in accord with those obtained in two large 
senes of fluids from normal cattle joints (6, 122) 
— ^the average nucleated cell counts in these senes 
being 112 and 182 respectively and the average 
red blood cell counts being 64 and 141 Differ- 
ential Icukocj te counts w ere not done m this pres- 
ent stud) as the senes of Warren, Bennett, and 
Bauer (122) had established the average differ- 
ential counts m fluid from the astragalotibial 
^ joints of normal cattle and had indicated the wide 
^nations in phagocjtic and non-phagocjTic cell 
ereentages which may occur in normal joints 
they reported an average differential nucleated 
cell count of poljmorphonuclear lcukoc)Tes, 2 2 
per cent , monoc) tes, 36 4 per cent , clasmatocjdes, 
15 per cent, unclassified phagocjTes, 3 9 per cent, 
l)mphoc)tes, 40 1 per cent, S)Tiov]al cells, 1 2 per 
cent , unclassified cells, 1 2 per cent 

Few other workers have studied the C)'tology 
of normal fluid Kc) (73) studied fluid from 
the shoulder joints of rabbits and found 175 to 
225 nucleated cells per cu mm and approximately 
the same number of red blood cells (74) The 
differential nucleated cell count was sjmovaal lin- 
ing cells, 3 per cent, pnmitive cells (resembling 
small l)'mphoc)ies), 1 per cent, pol)'morphonu- 
clcar lcukoc)'tcs, 5 per cent, monoc)-tes, 58 per 
cent , clasmatocjles, 15 per cent and indeterminate 
pliagocv-tes, 14 per cent Labor and Von Balogh 
(82) found 10 to 20 cells per cu. mm in fluid 
obtained postmortem from human joints, and 
McEv cn (91), in two normal human fluids, found 
total nucleated cell counts of 125 and 200 per cu 


mm In the fluid from kmcc joints of amputuctl 
legs, Khng (76) found 10 to 50 cells per cu nini 
Forkner (43) from a review of prcnoiis studies 
assumed that nonml s)-nov lal fluid contained ± “^0 
nucleated cells per cu mm 
The c)iolog) of 29 fluids obtained postmortem 
from human joints showing no evadence of disease 
has been studied m this laboratorv (127) The 
average nucleated cell count was 63 per cu nun 
with an average differential count poljanorplio- 
nuclear leukoc)tes, 6 5 per cent, monocj-tes, 476 
per cent , clasmatocjdes, 10 1 per cent, unclassified 
phagoc)'tes, 4 9 per cent, 1) mphoc)-tcs, 24 6 per 
cent , sjaiovnal cells, 4 3 per cent , unclassified cells, 
22 per cent 

Physical charactcnsUcs 

Normal sjmovial fluid is a clear, straw -colored, 
viscous liquid, which docs not clot 

The average speafic gravaty is 1 010 with a 
maximum of 1 012 and a minimum of 1 009 
These figures correspond with those found b) 
Honye (1 008 to 1 015) (66) for human fluids 
obtained postmortem from joints in which no 
histological changes vv ere found m the membrane 
They are in the same range also with the values 
found by Gilhgan, Volk, and Blumgart (49) for 
chest fluid (1 010 to 1 015) and edema fluid 
(1 008 to 1 009) The total protein calculated 
from the average speafic gravity of this senes by 
use of the formula of Moore and Van Slyke (94) 
is 1 029 grams per 100 cc , which is in close agree- 
ment with the observed average protein content 
(including muan) of 1 02 grams per 100 cc 
The av erage content of total solids is 2 084 
grams per 100 grams with a maximum of 3 886 
and a minimum of 1 672, as compared with an 
average content of 8727 in the serum The fluid 
values correspond closely with those of Hon)C 
(66) for human fluids obtained postmortem (170 
to 3 93 per cent) They are slightly lower than 
the value given by Fisher (35) for normal human 
fluids obtained postmortem (4 4 per cent) 

The average freezing point of the fluid is 
— 0 535° with a maximum of — 0556° and a 
minimum of — 0 509°, as comjiared with an 
average for the serum of — 0 590° (as shown be- 
low) The average difference between the freez- 
ing point depression of the fluid and tliat of the 
serum (0 0550) is much greater than that found 
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In rrcmont'Smith, Tliomas, Dai!c\, and Carroll 
(44) bctnccn nonrval spinal fluid and blood In 
62 per cent oi their cases the difference nTis 0 005° 
or lose, and in onl\ 21 per cent was it greater than 
0 015°, the maximum difference being onl\ 0 037° 
Tlic obsened freezing points of serum and simo- 
Taal fluid represent a difference in osmolar con- 
centration of 0 030 M, and a difference in pressure 
of approNimateh 0 7 atmospheres It is unlikely 
that such a difference in osmolar concentration 
exists A probable explanation is that the de- 
termination of the freezing point of sjmovnal fluid 
IS affected in some unknoira manner b} the pres- 
ence of the a iscous mucin 


Cenr 

Freezing point 

number 

St 

Ft 


“ c 

»C 

XVI 

- 0 586 

- 0 524 

XVII 

- 0 587 

- 0 547 

XVI 11 

- 0 581 

- 0.540 

XIX 

- 0 616 

- 0 556 

XX 

- 0 549 

- 0 509 

XXI 

- 0 622 

- 0 536 

Av erage 

- 0 590 

- 0 535 

Maximal 

- 0 616 

- 0 556 

Minimal 

- 0 549 

- 0 509 


The average relative vnscosit) at 25° C is 3 72, 
I vanations from 2 84 to 4 15 The viscosity 
due cliicflj to the presence of muan, as shown 
0} the fact that a value of 1 1 is obtained follow- 
ing precipitation of the mucin Studies of the 
vnscosit) of normal svTiovnal fluids have been re- 
ported onl) m the case of humans Determina- 
tions made m this laborator) indicate that the vns- 
cosit) IS much higher m normal human fluid 
Schneider (104) reported vanations from 39 to 
1490 in fluids obtained postmortem from patients 
who had had no joint disease 

Tlie average osmotic pressure against Ringcr- 
Locke solution is 365 mm of water for the serum 
and 150 mm of water for the fluid (see Table 
II) The av erage osmotic pressure difference be- 
tw ecn the fluid and the serum determined directl) 
IS 250 mm of water It is of significance to com- 
pare these values with the colloidal osmobc pres- 
sure values calculated from the average albumin 
and globuhn figures for our senes, using the 
factors determined bv Govaerts (53) for the pres- 
sure exerted per gram b) serum albumin (75 4) 
and serum globulin (19 5) The osmotic pres- 


sure of the senim, calailated in this wav. i-, 
mm ot water which agrees fairh well with tbr 
observed value of 365 mm In the case oi the 
fluid, however, the colloidal osmotic pressure ml 
culatcd from the albumin and globuhn content 
IS onl) 57 mm of water, m contrast to the oh 
served value of 150 mm The other kaown col 
loidal substance in the fluid is the mucin Little 
is kmovvai of the osmotic pressure exerted In 
muan If one assumes that the difference be 
tween the observed and the calculated osmo'ic 
pressures of the fluid is due to mucin, and calm- 
lates the osmotic pressure effect per gram of 
muan, the value is nine times as great as that for 
albumin (675 as compared with 75) 


TAHLE n 

Colloidal osmotic pressure of normal cattle serum and 
synovial fluid 


Cow number 

Protein (Not 
Including mucin) 

Osmotic Dressure 
rs Ringer* 

Oiraotk 

Hmm 

rr 

fluid 

Se 

n 

Se 

F1 


pam! fn\ 

trams frr; 
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mn //tO 


too icrams 

too trams 

mm //|0 

mm J/tO 


!UO 

//lO 




XXII 

7 97 

1 249 

354 

170 ' 

261 

XXIII 

8 16 

0 771 

384 

142 

257 

XXIV 

7 92 

0 854 

365 

147 

26 1 

XXV 

7 95 

0 688 

352 

141 

223 

XXVI 

7 57 

0 688 

347 

127 

241 

XXVII 

7 89 

0 803 

379 

145 


XXVI 11 

8 48 

1 288 

403 

163 


XXIX 

7 62 

0 656 

340 

139 


XXX 

7 63 

0 904 

352 

167 


XXXI 

8 08 

1 103 

378 

160 


Av erage 



365 

150 

249 

Maximal 



403 

170 

261 

Minimal 

1 


340 

127 

223 


Protein constituents 

The average concentration of protein in the 
fluid, including the mucoprotein, is 1 02 grams per 
100 grams of water, in contrast to 7 87 grams per 
100 grams of water m the serum This figure is 
in the same range as the few values tliat have 
been reported for normal synovaal fluid and somc- 
w hat low er than the values found for IjTuph and 
edema fluids Fisher (35) found the protein of 
normal human fluid 1 6 per cent and of fluid from 
ONcn 092 per cent Hori)c (66) found varia- 
tions from 0 45 to 3 15 per cent m the protein 
content of fluids obtained postmortem from joints 
in which he found no histological changes in the 
membrane- From a relativel) large c-''pericncc 
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With fluids obtained postmortem from humans 
without joint disease and fluids from pathotogical 
human joints, we would conclude that the value 
of 3 IS per cent reported by Honve represents 
an abnormal flmd Cajon and Pemberton (20), 
m one synovial fluid from a patient ivith general 
ized edema, found a protein of U9 per cent 
Heim (63) reported variations from U8 to 4 57 
per cent m the total protem of lymph, while 
Arnold and Mendel (3) found 3 56 per cent pro- 
tem m lymph The total protem concentrahons 
of the flmds studied by Gilhgan Volk, and Blum 
gait (49) vaned from 0i5 gram Tier 100 grams 
of water m one subcutaneous edema fluid to 4 36 
grams m a case of ascites secondary to carcinoma. 
Thor average value for all fluid proteins (chest, 
asabc, and edema fluids) ivas 1 49 grams per 100 
grams of water 

The content of alburam and globuhn m our 
senes is of the same general magnitude as that 
found by other workers for normal synovial fluid 
and somewhat lower than that of other fluids 
which have been shown to be dialysates of blood 
plasma. The presence of serum proteins m lymph 
and other body fluids has never been explained 
adequately The majority of investigators (22 
24 28, 32 80, 121) have concluded that the pro- 
tons result from a slight generahied capillary 
permeabihty to protem and subsequent concentra 


tion. Other workers (83 84 89, 111) do not 
agree with these findings and have concluded that 
capillary permeability to protems is negligible. 
The possibiUty of formation of the protems in 
silu may be another factor but has neror been 
mvesbgated The summation of evidence at 
present mdicates that there is a slight permeabihty 
of normal capillary walls to protems There is 
no general agreement as to whether or not the 
permeabihty is auffiaent to oqilam the concentra 
tion of protein m body flmds 
Approximately one-eighth of the flmd protem 
(0 138 gram per 100 grams of water) is muan. 
It IS this mucoprotem tliat produces most of the 
viscosity and the resultmg lubricating value of the 
fluid and, as has been discussed above, it is pre- 
sumably this mucojnotem that causes part of the 
excessively high osmotic pressure of the fluid 
By preafntation with acetic acid and reprecipita- 
tion from sodium carbonate solution we have ob- 
tained a pure mucm the composition and char- 
actensbes of which we shall rejiort m a sbhsequent 
pubbeabon The concentrabon of mucm found 
by us can be compared with the figures given by 
Frtnehs (45) for the mucm of cattle fluid He 
found 03^ per cent m fluid from newborn calves, 
034 per cent m fluid from oxen kept m stalls for 
long penods and 036 fier cent in fluid from oxen 
allowed free in fiasbires. Von Holst (117) 
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Canccnlralmns of tht proloin coniltluonli of normal catlU umtn and tynniat fluid 
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XXXIII 
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XXXIV 

7J3 
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1J7 

0 98 
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XXXV 
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1 203 

1 18 

2.50 
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2 82 

4J4 


3 95 

0.889 

0.212 

XXXVI 

7 33 

1017 


2Jl 

1 22 

3J>7 

4.11 

0 727 

403 

0 812 

0 147 

XXXVIl 

7i7 

0911 

1J8 

2 59 

1 21 

5,82 

4J2 

0 657 

409 

0 777 

0.252 

XXXVIII 

7J8 

1023 

1 61 

2 89 

1 27 

3 40 

4i5 

0 761 

4 14 

0 791 

0155 


7 87 

0 886 

UI 

2 48 

■BW 

390 

KiSI 

0 623 

3 97 

0712 

0 138 


8 75 

1410 

1 61 

3 81 

1 27 

5 82 

4JS 


4 14 

0.889 

0.252 

Minimal 

7 VI 

0 435 

1 17 

IJl 

0 98 

2 48 

396 

0 436 

364 

0 493 

0 033 

Number of fluid* * 

37 

36 

7 

7 

7 

6 

7 

7 

7 

6 

11 


• ThU representa the number cf fluids from Khicfa the averages were obtained 
f Methou of Howe (67) 

I Method of Butler and Montgomery (18) 
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found 0 5 per cent muan in nonnal cattle fluid 
Fisher (35) found 1 95 per cent muan in normal 
human fluid and onU 0 13 per cent in fluid from 
oxen Cajon and Pemberton (20) report a 
muan content of 042 per cent m fluid from a 
patient with generalized edema 

The globulin fraction of the fluid protan, as 
determined bj prcapitation w ith 22 5 per cent so- 
dium sulphate, a\crages 0^6 gram per 100 grams 
of water, with an a\erage albumin content of 062 
gram per 100 grams of water (See Table III ) 
The a\eragc albumm-globuhn ratio of the fluid is 
2 5, in contrast to an a\eragc ratio of 1 3 in the 
serum When the protein fractions are deter- 
mined b> the method of Butler and Montgomery 
(18), using a 2 3 M solution of phosphate, the 
•value obtained for the albumin fraction of serum 
IS lower than that obtained bj sodium sulphate 
prcapitation The resulting albumm-globuhn 
ratio IS somewhat lower (11) This is m accord 
wnth the results of the two methods as reported 
bj Butler and Montgomcr} In the case of the 
fluid, however, the albumin concentration deter- 
mined bj prcapitation wath phosphate is consist- 
ent!} higher than that obtained by prcapitation 
with sodium sulphate. This finding is pre- 
sumabl} due to the loss of albumin during the 
prcapitation of globulin by sulphate, which has 
been show-n to occur when the total protein con- 
tent IS low (50, 67) Expenments performed m 
this laborator}" with dilutions of scrum have 
shown that no such loss of albumin occurs with 
phosphate prcapitation The albumm-globuhn 
ratio of the fluid as determined b} prcapitation 
wnth phosphate is, therefore, higher (3 9) than 
that obtained b} prcapitation with sulphate (2 5), 
and gives a more accurate representation of the 
protan fractions as accepted at present 

In all of the determinations of the protein 
fractions, the muan nitrogen was subtracted from 
the difference between the total protein nitrogen 
and albumin mtrogen m order to obtain the globu- 
lin nitrogen The accurac} of the albumin con- 
centration obtained bv prcapitation with ather 
sulphate or phosphate solutions even m a muan- 
contammg solution has been prov ed in this labora- 
torv bv prcapitation e.xpenments on solutions of 
pure muan in serum These expenments have 
showm tliat muan is prcapitated vath the globulin 


fraction of the fluid when cither sulplutc o* 
phatc solutions are used 

The globulin concentration and the nlbimim 
globulin ratio varied more m the fluid than in th* 
scrum, as was found m the case of pathological 
fluids b} Cajon and Pemberton (20) Smiihrl), 
marked vanations m (he aibumm-globulm ntio in 
other bod} fluids were found b} Gilligm, VoU, 
and Blumgart (49) This ma} be due in part 
to less accurac} in separation of the protein frac- 
tions when the total protein content is low, and 
m part to slight variations in capillar} pcmie 
abiht}' 

The comparative!} low globulin concentration 
and high albumm-globuhn ratio of the fluid in 
contrast to those of the scrum is m accord with 
the results found b} Field, Leigh, Hcim, and 
Drinker (29, 33) for lymph and edema fluid, and 
with the findings of Wells (124), and Wccch, 
Gocttsch, and Reeves (123) and of Gocttsch and 
Kendall (50) in l}Tnph, edema fluid, and asatic 
fluid Assuming that the scrum proteins of the 
fluids result from slight capillary pcrmcabilitv, the 
high albumm-globuhn ratio m the fluids indicates 
greater capillar}' permeability to albumin than to 
globulin The difference is in accord with the 
difference m molecular weights of albumin and 
globulin, and with the -variation in their rates of 
removal from joints (7) 

Normal fluid contains no fibrinogen as sug- 
gested b} the failure to clot after standing twent}- 
four hours The absence of fibrinogen has been 
corroborated in this laborator} by prcapitation 
expenments wuth 11 m phosphate solutions at 
pH 6 5 

Distribution of non-cJectrolylcs 

The average concentration of urea in the fluid 
(expressed m milligrams per 100 grams of water) 
is slightl} lower than that m the serum but is 
csscntiall} of the magnitude that would be ex- 
pected if serum and flmd were separated b} a 
membrane permeable to this substance The dis- 
tnbution ratios of total nonprotan nitrogen 
(0 87) and unc aad (0 84) between fluid and 
serum are somewhat lower than that of urea, 
but the} arc of the same general magnitude 
These findings are in accord with those reported 
b} Hare and Cohen (58) for normal horse syno- 
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Vial fluid, and by other Y-orkers for pathological 
fluids (2 19 20, 23 96) 

Although the average distribution ratios for 
urea, unc aad, and nonprotein nitrogen between 
fluid and Eerum arc shghtly below 1 00 analysis 
of the results of determinations m individual sera 
and fluids shows many cases m which the con- 
centrations of these non-electrolj-tes are as high 
m the fluid as m the serum (see Table I and fig 
urea given below) These individual cases m 
themselves give proof that the non-electrolytes 
(urea, unc aad and nonprotein mtrogen) are 
completely diffusible through the membrane sep- 
arating serum and fluid We have found further 
evidence of the complete difiusibihty of these non 
electrolytes in our results on normal and patho- 
logical human fluids which will be reported in a 
later pubbcation. In the majonty of those cases, 
the distnbution ratio of nonprotan mtrogen and 
unc aad between fluid and serum closely ap- 
proaches 1 00 
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XXXII 

2 10 
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XXXIII 

2 26 
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XXXIV 
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IJO 

XXXVI 
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1J7 

xxxvn 

1 70 

IJO 

XXXVIII 

U9 

1J5 

Average 

IB4 

IJ5 

Maximal 

2 26 

2 08 

Minimal 
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The average concentration of sugar in the pres 
ent senes is on the other hand, much iower m 
the fluid than m the serum The values m mdi 
vidual cases vary much more than those for any 
other substance. The marked vanations m values 
and the lower concentration m the fluid may be 
due m part to the fart that the ammals were not 
fasting, and m part to the fact that they struggled 
considerably when sacnficed thereby raising the 
concentration of sugar ifi the serum just before 
the samples were collected and not allowmg time 
for the fluid to come to eqmlibnum with the 
serum. That this is the explanation rather than 
the presence of a non-diffnsible portion of glucose 
m the serum as suggested by Brull (17) is ap- 
parent from our findings in human fluids which 


will be reported in detail m a later publication 
In many of these cases, the distribution ratios of 
sugar between fluid and scrum closely approach 
1 00 This IS m accord with the results of Walker 
and Reisinger (120) who found complete diffu 
Sion of reducing substances betiveen plasma and 
glomerular urme 

Cholesterol and fatty aads are absent m the 
fluid. This 13 m accord with the generally ac- 
cepted theory that the capillary membrane under 
normal conditions is not permeable to these 
substances 

Thus the distribution of non-electrolytes is con 
sistent with the theory that synovial fluid is a 
dialysate of blood plasma. 

Enjymes 

Except for the detemunation of the phos- 
phatase activity of fluid and serum, no eniyme 
studies were undertaken The flmds were found 
to have a higher average phosphatase activity than 
the serum Greater vanaDons were encountered 
in the flmds Further studies are needed m order 
to explam such vanations 

Dislrilnihon of elfctrolytej 

The concentrabons of chlonde and bicarbonate 
are higher m the flmd than in the serum vVlule 
the concentrabons of sodium, potassium, calaum, 
and magnesium are lower in the flmd than m the 
serum The concentrabon of total morganic 
phosphate is practically the same m fluid and 
serum These distnbubons, are, m general such 
as would be expected from considerabon of the 
laws regulabng membrane equihbnum They 
will be analjaed m detail below 

The excess of chlonde in the flmd bears about 
the same relabon to the excess of protem m the 
serum as has been found by other workers for 
lymph, edema fluids and the in two dialysate. 
The relationship may be graphically presented as 
was done by Gilligan, Volk, and Blumgart (48) 
Tlie excess of chlonde m the flmd in proper 
bon to the excess of protan m the serum, how 
ever is tbghtly lower than that found for the other 
fluids (Chart I) This may be related to the na 
ture and relabve concentrabon of the proteins m 
synovial fluid. The high albumin globulin ratio 
m the flmd would tend to mcreose the base- 
bmdmg power per gram of total' 
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PROTEIN DIFFERENCE in GM PER 100 CC 
SERUM - FLUID 


Chart I The RELATiossHrp deti^ees the Difference iv Chloride Coscentratiov of Various 
Body Fluids and Serum and the Difference in their Protein Concentrations 
The Nulues chnrted represent a\crage values from the follow mg studies chest fluid, total of 
14 observatjons (49, 54, 87) , Ij-mph, dogs, total of 7 obsei-vations (3, 63) , ascitic fluid, total of 
18 observations (49, 54, 61, 87) , ascitic fluid, dogs, total of 10 observations (54) , subcutaneous edema 
fluids, total of 16 obsen-ations (49, 51, 61) , m vttv dialysates, dogs, total of 15 observations 
(55) , ss-nmnal fluid, total of 15 observations from our studies 


presence of mucin maj further increase the base- 
bmding power, as indicated bj the results of solu- 
bilitj expenments on pure muan now in progress 
In addition, the isoclcctnc point of muan (ap- 
proNimatelj pH 4 0) is farther from the pH of 
fluid than arc the isoelectric points of albumin or 
globulin WNth the result that at pH 7 4 it has a 
considerable degree of combination with base 

Hydrogot-jon cotccjifratwn 

The average pH of the fluid is 7 31 as com- 
pared with an average pH of 742 for the serum 
The averages include the values calculated from 
the Henderson-Hassclbalch equation (Table I) 
and the values determined b> means of the glass 
electrode (listed below) Few reports of the pH 
of normal 5 }’novTal fluid have been made Honje 
(66) found fluid obtained postmortem from 
human joints to be wcakij alkabne to litmus 


Sccligcr (106) reported the pH of postmortem 
fluid as 82 to 84 Boots and Cullen (15) found 
a pH of 7 34 m fluid from a patient with gen- 
eralized edema 
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XXXII 
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7 43 
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7 39 

XXXV 
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XXXVl 

7 45 

7 27 

XXXVII 

7 42 

7 27 

XXX vn I 

7 40 

7 35 


The pH of 7 31 found m the ^movial fluid is 
of interest In other bodj fluids which have the 
composition of dialysates the fluid pH has been 
found to be slightly higher (002 to OOo unit) 
than that of the scrum (61, 87) In the case of 
sjTiovnal fluid the pH is 0 II unit lover than the 
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serum pH Tbe Io^v pH of the fluid is assoaatcd 
uith an exceptionally high carbon dioxide tension 
(an average of 58 8 mm , as shown m tlie tabula 
bon belou ) Tlie corresponding pH and carbon 
dioxide tension values of tlie scrum were m the 
normal range The explanabon of the ^'alucfl 
foimd m the fluid is not apparent 
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55 6 
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59 7 
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58 0 
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41 4 

51 7 
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44 1 

70 1 

XIV 

44J 

67 4 
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40J 

646 

Average 

444 

583 

Maximal 

51 t 

70 1 

Mmimal 

36 1 

504 


Application of the Gibbs Doimaii theory of mem- 
brane eqtiiltbnunt 

Tlie sigrniiicance of tins theory as applied to 
the equihbnutn betw een plasma and body fluids is 
recognized even though the inabihty to determine 
with any degree of accuracy either tlie activities 
of ions in so complex a system or tlie presence 
of other modifying factors makes it mipossible 
to obtain exact mathemapeal agreement between 
calculated and observed values By this tlieory 
the distribution of ions is expressed mathemab 
cally by the equation 

(CDs (HCO,)s (Na)/_(K)/ 

'■ =’■(0)7“ (HCOJ/“ (Na)s (K)J 

These equabons hold stndly only ^^hen expressed 
in terms of ach%nbes of tlie vanous ions Ho^\ 
ever they can be assumed to be ^’ahd when ex 
pressed m terms of concentrabons if we assume 
tliat the diffusible salts are lonircd to an equal 
extent in serum and fluid and that the activity 
coeffiaents of the ions in the two fluids are not 
significantly different 

In order to determine whether our results arc 
in accord with the Donnan thcor) the approxi 


mate Donnan distnbubon rabo has been calcu 
lated using the formula denved b} Van Sljke 
Wu, and McLean (115) and esbmabng the base 
bound by protein b> means of the formula of 
Van Sl>ke, Hasbngs Hiller and Sendrov (H3) 
The theoretical average Donnan ratio for our 
studies IS 0533 Tlie distnbution ratios deter 
mined b> us are compared m Table IV with this 
theoretical Donnan ratio and mth tlie ratios found 
by Greene and Power (55) for in xnvo dialj 
sates and those found by the following w'orkers 
for vanous body fluids Gilligan Volk and Blum 
gart (49) Gollwitzcr Meier (51) and Loeb 
Atchley and Palmer (87) edema fluid Arnold 
and Mendel (3) and Hemi (63) Ijmph Darrow 
Hopper and Carey (26) Greene Bollman Keith 
and Wakefield (54) Muntwjler, Waj and Pom 
erene (95) asatic fluid Hastings Salvesen Sen 
droy and Van Sljke (61) asatic and edema 
fluids 

The average distnbution ratios between serum 
and synovial fluid of chlonde, bicarbonate mor 
game phosphate sulphate and total anions as 
found m our studies are all of the same order 
of magnitude 

Tlie average ratio ^ is 0 99 w hich conforms 

fairly well with those found for other fluids It 
IS 6 per cent higher tfian the average Donnan 
ratio a deviation from the tlieorctical approxi 
mately the same as that found by Greene and 
Power (55) m the case of the in vtvo dialy 
sate, Tlie discrepancy may be, as the\ suggest 
due m part to the fact tliat the base proteinatc 
IS not completely ionized as is assumed m cal 
culating the theoretical Donnan ratio It may 
however be due in part also to the high albumin 
globulin ratio and the muan content of the fluid 
both of which tend to increase the base binding 
power per gram of total protein. 

The average ratio is 094 wluch Is 

in close agreement wnth the theoretical Donnan 
ratio and conforms fairl> well with the bicar 
bonate ratio found for other fluids Dcnation 
from the chlonde ratio ma) depend on several 
factors Tlie bicarbonate ratio represents that 
between arterial blood and fluid and as would 
be expected this ratio has been found by vTinous 
workers to be lower than that between «. 
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blood and fluid (bcc Tabic IV) Furlbcrmorc, centrations m individual sera and fluids art prt 
the discrcpaiic\ nia\ be due m part to sanation sumablj explicable as in flic case of the siifjir In 
in the carbon dioxide content of blood from the the fact that the animals striigt^lcd coiisidcraliK 
carotid arters and blood from capillaries around nhen sacrificed, tliercb) raisinp the lactic icid 

the knee In addition, true eciuilibruim probablj concentration in the blood and not allouiiift tune 

nc\er exists because carbon dioxide is constantl} for the fluid to come to eqiiihbriimi s\ith the 

being jxnired into the fluids from the tissues to blood 

IS I 06, 7 per cent 
Since tiie delcr- 

concentrations in indiMdual eases shoes marked mination of sulphate in blood and fliiifl is not 
s-anations (as shossai bcloss) The cxtrcmclj exact, the 7 per cent desiation is not of great 

Ingh distnbution ratio and the sanations m con- significance, and the sulphate natio mas ht con- 


be remosed b> the blood (9S) 

^ (lactic acid) j _ 

The aserage ratio y , — : yyy is 2 11 The 

^ (lactic acid) / 


The aserage ratio 
higher than the chloride ratio 
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sidered m general agreement ivith the dilonde 
ratio 

The ai erage rabo .s 0 99, alnch 

agrees well wntli the rtitio found for the tn vtvo 
dialysate (55) and with tlie cldonde ratio m our 
findings 


The average ratio 


(total inorganic phospha te) s 
(total inorganic phosphate) / 


IS 1 00 The average ratios of the primary and 


secondary phosphates are 


(H,P04) r 
(HjPO^)/ 


= 0 787 and 


mpods 

JCHPOjf 


t 03 


This IS in accord with the results of Maly (88) 
who showed that the aad phospliates are more dif 
fusible However the most important ratio in 
a consideration of the diffusibility of phosphate 
13 that of the total morganic phosphate. There 
has been considerable variation in the phosphate 
ratios betw'een serum and dialvsates and between 
serum and body fluids as found by vanous work 
ers As a result, there is disagreement as to the 
proportion of the phosphate of the blood that is 
diffusible Greene and Power (55) and GilU 
gan Volk and Blumgart (49) have concluded flut 
part of tlie inorganic plwspliate is held m the 
serum presumably bound by protein Brull 
(17) in a review of the results obtained by di 
alysis and vividiffusion expenments points out 
that the results in general indicate that the phos- 
phate of blood IS entirely diffusible. In his owm 
expenments Brull found tliat the inorganic phos 
phate of serum is practicall> entirely diffusible, 
but that the majonty of the morganic phosphate 
of hepanmred plasma is not ionized and not dif 
fusible Heim (63), worknng on lymph, and 
Walker (118 119) working on lymph and 
glomerular unne, have concluded that all of the 
inorganic phosphate of the blood is diffusible 
Our results indicate a slightly greater ratio of total 
inorganic phosphate tlian the theoretical Donnan 
ratio but the phosphate ratio is wnthm one per 
cent of the chlonde ratio determined by us and 
would mdicate that the morganic phosphate is 
entirely diffusible and that its distribution is de 
termined by the same laws of membrane eqm 
libnum as regulate the distribution of chlonde 
between serum and synovual fluid 
The average distnbution ratios between fluid and 


serum of sodium potassium calcmra and mag- 
nesium, m contrast to tliose for anions varv mark 
edly among themselves but the> agree, m general, 
with the distribution ratios for the same sub- 
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Chart II Tut Distribution of Anions anb Cat 
IONS BerwiEK Snuu and Nojuial Cattle Svnovial 
Fluto 

It will be noted that the smiiraatKins of mdivldaal 
bases m the fluid and serum do not correspond exactly 
with the average dclcnnmed total base values for fluid 
( 4) and scrum (B) 

TTie formulae of Van Slyke, HaiUngi Hiller and Sen 
droy (113) were used m estimating the proteinate In 
the case of nracm the base-binding power u*as assumed 
to be ten times the average base-brnding power of aibu 
mm and globulm. 
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‘^iT.nct' I'ctwcon tlic n, 7,:o ditiI\Nitc aiul «tniin 
"iiid iKtuccn Kiiiph aiul CfUnn fluids nnd scniin 

The nNcnijc ratio is iden- 

(Na)j 

tical with the theoretical Donnan ratio hut shtjhtU 
lowtr than the chloride ratio as found in our e\- 
IKnmcnts Tt is in fairK q;ood aqrcciucnt with 
the ratios loiind In other workers The slin])t 
de\iation from the chloride ratio iua\ indicate that 
a small percentage (6 per cent) of the sodium is 
held in the strum m a non-diffusihle form, jirc- 
sumahh hound to jirotem The deeiation, how- 
txcr max not he sufficientlx great to be of 
significance 


The axcrage ratio 




is 0 S3, and indi- 


\(Ca) s 

cates as do the similar calcium ratios obtained 
for the III Tir’o diaixsatc and other fluids, that 
part of the calcium is held in the scrum pre- 
sumabK bound to protein This concept of non- 
diffusiblc calcium bound to protein is noxx gcncr- 
allx accepted (sec rexiexx In McLean and Has- 
tings (92) ) The percentage of the blood calcium 
thus bound has been found to be from 30 to 40 per 
cent The results of our expermicnts gixe an 
axerage of 32 per cent bound Of more signifi- 
cance than the distribution ratio of total calcium 
s that of ionized calcium Calculation of the cal- 
cium ion in serum and fluid from the protein and 
total calcium concentrations (McLean and Has- 


tings ) gtxes a ratio 


(Ca++)/ 


of 1 18 This ratio 


{Ca++) s 

IS much higher than xxoiild be expected from the 
laxxs of membrane equilibrium The difference 
max be exiihcable in part b\ the fact that, m cal- 
culating the calcium ion concentrations of the 
serum and fluid, no consideration was gixcn to 
the difference in pH and alintmin-globuhn ratios, 
but in larger part b\ the fact that the mucoprotcin 
was included as part of the total protein and con- 
sidered to haxe the same effect as the serum pro- 
teins That the last assumption is incorrect is 
exadent from a comparison of the calcium concen- 
tration ot sxTioxial fluid xxath that ot other bodj 
fluids known to be dialx sates of blood plasma \ 
review of the results on all such fluids gives an 

, fCa) dialv sate ^ , 

average empirical ratio (ca ' -" T~ s 7 rt I m ‘ 

(60) Using the average calcium ion concentra- 


tion in the senim 111 onr smts ( IJl niM ]Krki.f' 
ot water) the calcium conciiitr itton 01 sm, it 
fluid calailated from the aUive cmiMrml loan L 
1- 1 61 iiiM per kgni of water in contrast to tl' 
observed value 01 I ‘>0 mM llu differtiiu ( 02 '' 
iiiM per kgm ot water) represents an (stmnq 
of the calcium bound In nuieiti Iti terms m 
milhmoK of calcmni Iiouiid per gram ot iiumii 
the figure is 0 23 iiiM a value .qiproMiinteU ten 
times that obtained for serum proteins (‘> 2 ) 
This IS 111 agreement with the results ot enir ex 
pennients on pure imiciii discussed above, wliicii 
indicate that tlie base-coiiilinung iMiwer of inncin 
IS high 

TAtier V 

Concriilrattons of potassium maznrstum atul to hum ir 
normal cattle serum and s\nm ml Hind 


Cow 

number 

Toti^um 

C«w 

numl^ 

Majnr-ium 

Cow 

number 

r 

So 

n 

S« 

n 

S' 

n 


m rj 

mjrj 


n.f7 

wr; 


W\ t'J 

n 






pn 



1 ▼ 


tooo 

lOM 


im 

IliCO 


i' 

t 


ffnmt 

prami 


ffnmt 

pfomi 


ffra-Ji 

rs*'* 


I/tO* 

llrO 


tM' 

tM 


tr/i 

If/I’ 

wvx 

545 

4 Ou 

VV\I\ 

1 07 

U7 

\XI 

1187 

not 

wvxir 

S 12 

4 to 

XL 

I 71 

tJ3 

\WI 

try 

11*1 

vwaaii 

5 87 

1 15 

\U 

178 

1J7 

win 

150 0 

1112 

\LXtI 

5J7 

4 40 

\LII 


IM 

\i\ 

Utt 

10 > 

\LVIII 

515 

3 CO 

Milt 

ijt 

143 

\x 

iwt 

mx 

\LI\ 

111 

3W 

\UX 

1 7S 

1 72 

\\i 

1079 

11/ 1 




\LX 

107 

115 







\L\t 

101 

1J3 




Awaw 

5J7 

101 


175 

111 


I’^l 

11)0 

Maximal 

587 

4 40 


9 09 

IT" 


10, 9 

n7s 

Minimal 

in 

3C0 


i.5t 

JJ3 


r 

1101 


* Qilculate-el with average figures for water content 




The average ratios (0 76) and 

(OSS) were obtained from a smaller iitinilier of 
aiiahscs, the results of which varied consider 
abl) (See Table V) However, the flantioii 
from the cblonde ratio is great and of the same 
magnitude as that found b} other workers and 
probable is of significance in spite of the varntion 
in results One can conclude that ]nrt of the iio 
tassium (approxiiiiatel} 25 per cent) and part ot 
the magnesium (approxiinatel) 30 per cent), as 
well as part of the calcium arc held in the sernin 
in a non-diffusible state The vanatioii in re-idt' 
makes it imjiossible to estimate accuratelv v luat 
proportion is bound in (his wav 

(total base) _f ic iihai- 

Thc average ratio 

tical with the chloride ratio The results of tl.e 
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individual determinations of the total base con 
ccntration however vaned markedly Tlie dis 
tnbution ratio of total base concentrations obtained 
by summation of the average concentrations of 
the individual cations m the fluid and serum is 
0 91 This ^’alue may be a more accurate indica 
tion of the base held in the serum in a non 
diffusible state. 

Thus the distnbution of electrolytes agrees, in 
general witli tliat expected from the Dorman 
theory of membrane eqiuhbnum and with tlie 
results obtained b^ Greene and Power (55) m 
the study of the m vno dialysate and b) van 
ous ^urkers m the study of other fluids which 
have been showm to have the composition of 
dialysates Tlierefore the distnbution of elec 
trolytes is in accord with the theory that synovial 
fluids IS a dialysate of blood plasma 

Anatomical considerations 

Having found that the distnbution of electro- 
lytes and non-electrolytes is in accord with the 
concept that synovial fluid is a dialysate expen 
ments were undertaken to determine whether the 
vascular supply to the synovial membrane and 
subsynovial tissues is consistent with this theory 

Employing the same technique previously de- 
senbed (10) the blood vessels of the rear ex 
tremities of dog^ were perfused wnth a 6 per cent 
gum acaaa solution The perfusion was termi 
nated by the injection of a suspension of graplutc 
This method made possible the filhng of the sub- 
synonal blood vessels with a substance that could 
be easily recognized on macroscopic and micro- 
scopic examination 

Gross examination of a knee joint from a leg 
so perfused (Figure I) demonstrates the exist 
ence of a nch subsynovial blood supply It -will 
be noted that the most vascular areas are the infra 
patellar fat pad and the subs^movial tissue imme- 
diately adjacent to the patella On examination 
of the microscopic sections taken from tins same 
joint (Figure II) one notes tliat the subsynovial 
tissues possess a generous blood supply One 
further notes tliat such blood vessels m many 
instances are separated from the joint cavity by 
onl> a few lasers of cells In other sections it 
was found that 6 to 20 cells intervene between 
the joint cavity and the blood vessels Thus it 



Fig. I A Natural SiTn> Drawtt.c of the Ixtojor 
OF TRR Lsn KlttL NcftUAL Doo 

The blood vwels of the rear extretniUea had been 
perfosed with a aurpenrion of graphite. It mil be noted 
that the rabsynovial tbsues are very vaacxilar partictj- 
larly m the reffion of the mfrapateflar fat pad and hn 
mediately adjacent to the patella. 

would appear that the blood supply to the subs} 
novial tissues is sufficiently great and so arranged 
to allow readily for the diffusion of plasma water 
into the joint cavitv Such anatomical facts lend 
further support to the interpretation of tlie chemi 
cal findings namcl} that s}Tiovial fluid is a dial} 
sate. 

COMMENT 

The distribution of electrolytes and non-elec 
trolytes between serum and normal synovial fluid 
as well as the nature of tlie vascular suppl} of the 
knee joint, is in accord wnth the concept that 
normal syno\nal fluid is a dial} sate m equihbnum 
■with blood plasma Such a theor} explains all 
known facts of tlie ph}sical and cliemical com 
position of synovial fluid except the presence of 
muan albumin and globulin The presence of 
muan however m no way invalidates the theor} 
Whatever the source of the mucin whether it be 
the surrounding connective tissue as seems most 
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Fig II Camera Lluha Drawing of Low MArsiFicATios (X 100) oi a Micnostonc Src 
TiON Taken from tiif Oiiosite Knff Joint of the Onf Shown in Ficure I 
Tiic ndi sub^jnoMal \'accular s>stcm is well illustrated In some instances tlic blood 
capilhnes are separated from the mtenor of the joint b\ not more than one or two lajcr-) of 
suiotial lining cells 

likch, or cartilage the stiiOMal fluid itself can be specialiFed nicinbrane The onh cMtlincc nvor- 
fonned b\ dialjMs mg the thcor} that mucm is foriiitd in cartihg< 

Little IS known concerning the source of sjno- is that of a siinilaritj of staining reactions (^) 

ami fluid mucin Khng (77) considers the phe- No chcmitnl identity has been establislitd Otlnr 

nomenon of sac fonnation in acetic acid as c\i- workers ha\c suggested that mucin is stented In 
deuce of the secrelora nature of stnotaal fluid indmdual cells of the s\no\nl membrine or lint 
The absence of sac formation in transudates and it represents the fluid matrix of the s])tcnli/'<l 
exudates and its prc'cnce in salnTi and sjnortal connectne tissue lining in enlarged tissue since— 
fluid mereh indicate the absence or presence of the joint cavitj Whether the process of inticin 
a suffiaent quantite of a mucm to fonn a sac, and formation be described as secretion or in itrn 
gi\c no c\ndence as to whether or not the muan fonnation is immatenal because m either iii-taiice 

is of sccretorv ongm Photomicrographic c\a- connectne tissue ceil actnite is e'-seiilnl L' 

dence of s\no\aaI membrane glands has ne\cr traction from the subaitancous tii'iic of rabbit ■■ 
l>cen prcicntcd, nor haee we c\er obsened such and the tissue lining the astragalotibnl joints oi 
glands m our studies of sjnoeaal membrane In cattle of a substance similar to senoeial fluid 
fact, histological studIC^ show that seaioeial mem- muan as showai In its plnsical iiroiiertu-' and b 
branc consists of connectne tissue earring in tejic enFenntic studies (127) sugge-t-' that mucm i 

m difTcrent portions of the joint and is nejt a fonncfl be the connectne tissue c< IN 'urroundii g 
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the joint Its entrance into the joint is made 
possible by the diffusion of plasma winter from 
the underlying vessels tlirough the subsynovial 
tissue and membrane. 

The presence of albumin and globulm m syno 


vial fluid can be explained prcsumabl} on the 
basis of slight capillary permeabilit\ to protein as 
discussed abo\e. Albumin and globulin are found 
m varying amounts m otlier body fluids (lymph 
edema pleural and asatic fluids) ^ Inch have been 



Fic, III Orim Portions or tok Sykovial Lining Tissues of toe Joint Illus 
TttATED IN Figure II Are Sho^vn in TntsE CAiiERA Luoda Drawings of High Mag- 
nification ( X 420) 

The close proximity of tbc blood capiDancs to the mtenor of the joint is cvJdcnL 



V Forr„c r.K\N\iur \ \\n w \i -t r i \t ( r 


<houn tn In\c the conipo^itinn ot ‘Simple <ltal\- 
<^{cs ot Mood jihvnn TIic high olhuniin-glolm- 
hn ntio in the fluid iiidicotcs a greater jionnea- 
hilit\ to allminin than to glohuhn a<; Mlggc^tcd 
al-o In the nlnervations ot other tm c^tigators 
(33, 50 123 124) 

It iR intcrc'ting to note that in '^pitc of the 
fact that <^\no\aal fluid unlike other l>od\ fluids 
contains mucin, in most respects it rcscmhlcs these 
fluids The onU marked differences Irctwccn the 
iiiucin-containing s\no\nl fluid and the other 
l)od\ fluids that ha\c the composition of diah sates 
of blood plasma arc the high colloid osmotic pres- 
sure and the high calcium concentration m s\no\ial 
fluid The latter fimlmg can be asenbed, presum- 
ahl\ to the high hasc-combmmg jiowcr of mucin 
These effects of mucin m joint fluid arc of sig- 
nificance as an indication that mucin in addition 
to Its action as a lubricant pla\s a role in the 
exchange of seatcr and other substances between 
the anscular s\stcni and the joint caeiti 

The concept that s\iio\aal fluid is a diahsate of 
blood plasma to which is added mucin as the fluid 
clifTnscs through the coniicctnc tissue surrounding 
the joint IS not fundainentalh different from the 
concept that s\no\ial fluid represents the fluid 
matrix of specialircd conncctne tissue, nor docs 
this thcon differ matcrialh from that in which 
\no\ial fluid is considered a combination of s\no- 
\ial nicmbraiic cell secretion witli transudation 
from the capillaries 

The results of the present mscstigation gi\c 
expcmncntal csidence for the thcore that s\no\iaI 
fluid IS a diahsate of blood plasma containing 
mucin albumin, and globulin Additional c\a- 
dcncc lb found in the results on human fluids 
obtained jiostmortcm from normal joints These 
wall be reported later 

St MM \Ka 

Xomial l>o\anc s\no\aal fluid is a rclatneh 
aetllular ele-ar, straw-colored, aascous liquid It 
has the following clnractcn-tics a nucleated cell 
count ot 131 per cumin , a rclatne aascositv oi 
3 72 a jiH ot 7 31 as conqiarcd with a scrum pH 
of 7 42 (aaerage figures are presented) 

The toial protein concentration is I 02 granib 
{K.r 100 grams ot water, of which 0 71 gram i>cr 
cent i" albumin 0 17 globulin and 0 14 muan 
Tibni ogen is ab-ent 


The distributnm ot elcetrol\tr> an I n.m’v 
troKtes Iv tween serum and fluid i- m aiov'd \ i 
the concept that s\no\ial fluid is a diahs^tt, , 
bl(K)d jilasiiia 

The nature ot the subs\iio\nl ea'eular ' ii',’h 
to the knee joitit is ui aecord with this con ig 
Lnlikc other liodv fluids that an diah satis ,,i 
blood plasma s\no\ial fluid contains nuKin ti 
origin of winch is unknown llu elfnt oi nui n 
on the colloid osmotic jiressure and cakiuni eoi 
centration of s\no\ial fluid mdteatis that iiukiii 
in addition to its action as a lubricant al-o p!i\s 
a role in tlie exchange of water and otlur snl, 
stances between the aascular s\stem and the joint 
ca\it\ 
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Despite the importance of the determination of 
blood pressure in the espenmental laboratory ani- 
mals, most of the methods m common use are 
unsatisfactory Many of the procedures are ap- 
phcable only to the anesthetiied animal and hence 
give results which deviate from those observed in 
the normal ammaL Various indirect methods 
which do not demand the sacrifice of the animal 
have been described but these usually involve the 
use of compheated and costly apparatus and arc 
often fraught with grave errors The difficulty 
of determming the blood pressure in the rat has 
excluded the use of this speaes m many studies 
for which It offers ideal advantages over the larger 
mammals As part of our studies on experi- 
mental hypertension we have devised a simple, 
cheaply constructed apparatus by the use of which 
it is possible to determine easUy and rapidly the 
systohe blood pressure of the unanesthetized rat 
Determinations on as many as one hundred am 
mals may be made in a smgle day without diffi 
culty 

APPABATUS ’ 

The apparatus consists of a warming box, a 
suitable holder for the rat a compression cuff 
and a plethysmograph The rat holder is made 
of a piece of thin walled brass tubing (A) (see 
Figure 1), 6 centiraeters in diameter and 10 
centimeters long One end of this is open and 
the other closed except for a round hole (B) 2 
centimeters in diameter, through which to bring 
the rat’s tad This brass cyhnder fits mto a 
copper sleeve (C) of similar length one end of 
which IS closed with copper screerung If serial 


1 Thu work was aided by grants from the Jonah Many 
Jr, Foundation and from Mr Joe Werthan. 

* We are Indebted to Mr M. Hcrhlin Director of the 
Apparatus Shop, Vanderbilt Medical School, for technical 
aiiistaiKe m the designing and conitruchon of this ap- 
paratus. 


pressures are to be taken on the same rat the 
outer jacket is wound with a heating coil (D) and 
connected to a rheostat (E) We have used the 
umt from a flat-iron. A thermometer (F) is 
placed near the closed end of the outer tube, which 
IS covered with gauze bandage to permit even 
distribuhon of heat 

The blood pressure cuff (G) is a modification 
of that used by Diaz and Levy ( 1 ) It is a brass 
tube 4 centimeters m diameter and 4 centimeters 
long A lA centimeter hole (K) is made m the 
proximal end and a 1 5 centimeter hole (J) m the 
distal end. A flange (/) is built around these to 
faahtate the plaang of the rubber tubing as 
shown in the insert m Figure 1 Thm walled soft 
rubber tubing (K) one centimeter m diameter, 
such as that used for surgical drainage, is then 
threaded through the holes and carefully fitted 
over the flanges so as to produce a smooth round 
aperture. The tubmg is held in place by tightly 
fitting metal inserts (L and if ) , as shoivn in Fig- 
ure 1 A side connection leads through a T tube 
to a mercury manometer (N) and a sphygmoma- 
nometer bulb and release valve (0) 

The plethysmograph (P) is made of 2-ceuti- 
meter brass tubing 13 centimeters long the ends 
bemg constructed the same as the distal end of 
the pressure cuff The same kind of rubber tub- 
ing used in the pressure cuff is used m the plethys- 
raograph In puttmg this in place one must be 
careful it is not stretched, for 5 centimeters of 
water pressure must hold it against the tad The 
two cuffs are then fastened together as shown in 
Figure 1 A side connection leads through a short 
piece of pressure tubing to a three way tap (Q), 
which Is connected to a 20 cubic centimeter syr- 
inge (R) and a water manometer (S) made of 
}4th inch glass tubing The rubber connection 
should be as short as possible. The manometer 
synnge, and plethysmograph are then filled with 
water 
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one need not heat the rat holder If repeated 
pressures are desired however, one can maintain 
the necessary vasodilatation by keeping the holder 
at approximately 37° C ) On removal from the 
wamung box the rat is placed m the holder and 
the tail IS inserted through the hole mto the cuff 
and the plethysmograph Gentle pressure is then 
applied through the syringe The pressure cuff is 
inflated above the systolic level, the synnge is 
released, and the three way tap turned to connect 
the water manometer and the plethysmograph 
Five to 15 centimeters of water pressure are snf- 
fiaent to compress the recording cuff snugly 
around the tail Air is now slowly released until 
the water level begins to nse. Under proper 
conditions this point represents systohc blood 
pressure If the rat is properly heated neither 
restlessness nor sweating -will occur, and when 
the reading is taken there will be a sharp increase 
in the rate of nse in the water manometer before 
the mercury manometer has been lowered 10 mil- 
limeters below the systolic level The water level 
should nse at least a centimeter dunng this penod 
and should contmue rising as the cuff is deflated 
until the pressure is almost off, when a drop oc- 
curs Successive readings should yield pressures 
m the same range. A steady nse or fall in suc- 
cessive readings indicates the rat is not properly 
heated If one raises the rectal temperature to 
40° C , accurate readings will usually be obtained 
If the above entena are used it is not necessary 
to measure the temperature. 

One of the more frequent causes of error in 
the method is overheating of the anunals which 
causes restlessness and false high blood pressure 
readmgs If the rats are heated to the pomt of 
collapse, false low blood pressure readings are 
obtamed. On the other hand, false low readings 
result from msuffiaent heating However, this 
can be avoided by making sure the rises of the 
water manometer fulfill the aforementioned en- 
tena and having successive pressures fall withm 
the same range. Air pockets in the plethysmo- 
graph make readings difficult Poorly trained rats 
will not give consistent pressures The blood 
pressure cuff should have at least 3 centimeterB of 
rubber in contact wnth the tail Less than this 
may result m false pressure readings. Another 
common source of error is having the rubber tub- 


mg placed improperly in the plethysmograph. It 
should be smooth and et en and under no tension 
If all these critena are properly fulfilled, accurate 
blood pressures on rats are readily obtamed 

RESULTS 

The systohc blood pressures of a group of 
young adult rats as determined daily for six 
days (after a penod of preliminary framing to 
habituate the animals to the apparatus) are repro- 
duced m Table I The values obtamed diustrate 

TABLE 1 

The bleed preseure of the normal rat as determined on fiee 
successne days 
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1 

120 

115 

120 

no 

120 

7 

100 

no 

no 

105 

no 

3 

115 

125 

110 

us 

120 

4 

100 

no 

no 

100 

105 

5 

110 

115 

120 

120 

115 


the excellent day to-day reprodudbihty of the 
values when precaubons are taken to avoid excite- 
ment, overheating, etc, and when the animals 
have become accustomed to the procedure. The 
values of Table I are of the same order of magra- 
tude as those observed by us on numerous am- 
mals by direct manoraetnc measurement with a 
cannula inserted mto the aorta in rats anesthehred 
with nembutal The values are also m good 
agreement witli those reported by Durant (4) and 
Leiter (5), usmg direct manometne measurement 
They are also in fair agreement but show much 
less vanabon than those reported by Gnffith et 
ai (6) and Bonsmann (7) using mdirect proce 
dures Woodbury and Hamilton (8) on the 
other hand, report values of 145 and 187, respec- 
bvely on two rats as measured by the optical 
manometer 

We have also applied the apparatus for pro- 
longed studies of the blood pressure on rats m 
which hypertension has been mduced. Typical 
results showmg the high degree of repr^ua- 
bihtv of the results obtamed on such animals are 
given in Table II The determinations were al 
ways made at the same hour of the day and the 
animals mamtamed on a constant diet 

The values reported by Silfverskifild (9) for 




RESPONSES OF NORMAL SUBJECTS AND OF PATIENTS WITH 
DIABETES INSIPIDUS TO WATER AND SALT INGESTION ‘ 

Bt H L. WHITE AND THOMAS FINDLEY Ji. 

{Front tht Depariments oj Phystology and oj Iftdtant IVashtngton Untverstiy School of 
Mcdtctnt St Louit) 

(Rjecdved for pubUcation March 10 1939) 


This paper reports a companson between 
normal subjects and patients with diabetes in- 
sipidus of some blood and unne responses to the 
mgeshon of water and of hypertonic salt solu 
hon, both with and without pitressin. One aspect 
of this work, the responses of normal and diabetes 
insipidus subjects to water without pitressm, has 
already been reported ( 1 ) Since the earher work 
^howed failure of the himan diabetes insipidus 
subject to respond to water ingesUon mth an acute 
mcrease in unne volume one purpose of the pres 
ent work is to determine whether such subjects 
show a corresponding failure, as compared with 
the normal, of responses as regards salt Abihty 
to conserve salt when on a low salt intake has also 
been studied There has further been a corapan 
son of the acute responses to salt mgeshon while 
on an unrestncted and on a low salt mtake, 

METHODS 

The usual procedure has been to get several con- 
secuhve 20 or 30-inmute unne collechons, with 1 
or 2 blood samples dunng this control period 
The subject then drank water or salt solution, 
unne and blood collechons being continued In 
the experiments with pitressm, a dose of 0 15 umt 
per kilo subcutaneously was givi i at the end of 
the control penod 1 hour before water or salt 
mgeshon Experiments were ut y begun early 
in the mormng after a hght b! fast or none 
no food was taken during the exp merits Unne 
chlondes were done by a modified^ olhard Harvey 
htrahon (2) Serum protein n rogen was de- 
termined by a micro-Kjddahl me*' lod, serum chlo- 
ndes by Sendroy’s htnmetnc method (3) , m 
many cases serum viscosity as an index of protem 
and conduchvity as an index of chlondes also were 
determined as previously descnbed (4) , with good 
agreement with the chemical findings 


r Aided by a grant frtnti the Commonwealth Fund to 
H. L. White. 


RESULTS 

The acute responses to water mgestion without 
pitressm by the normal and the diabetes msipidus 
subject have already been reported (1), the pa- 
hent with diabetes insipidus differs from the 
normal in that no acute increase in unne volume 
occurs. This finding has also been obtained in 
6 addihonal experiments on 2 more cases seen 
since the 6rst paper it occurs whether the sub- 
ject IS on unrestncted (average of 10 grams NaCl 
dailv) or on low (1 gram NaQ or less daily) 
salt intake 

When a normal subject dnnks 1200 to 1500 cc. 
of water one hour after recavmg 015 umt of 
pitressm per kilo subcutaneously there is a fall of 
12 to 21 rogm per cent m serum NaQ, of about 
0 1 gram per cent m serum proton, and no con 
sistent change m rate of chlonde output or in 
urme volume (Figure 1) There have been 7 
such expenments on 3 normal subjects In 2 
experiments the rates of chlonde output and unne 
volume have shown the progressive fall seen in 
control expenments where nothing was given to 
the subject for several hours except small amounts 
of water 

When this procedure is earned out on the sub- 
ject with diabetes insipidus the results are the 
same as with the normal, except, of course, that 
unne volume is greatly decreased below its imtial 
level by the pitressm, while in the normal it is un 
changed. In neither the normal nor the diabetes 
insipidus subject is serum chlonde or rate of 
chlonde output consistently changed by pitressm, 
m both the normal and the diabetes insipidus sub- 
ject the course of the serum chlonde and of the 
rate of renal output of chlonde following the 
mgestion of water is the same with pitressm as 
without Figure 2 shows an observation on a 
subject with diabetes insijndus, there are 8 such 
observations on 3 cases If the subject has been 
for some tone on an unrestncted salt intake the 
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initial rate of output may be 3 to 12 mgm of 
NaCl per minute, while on low intake it may be 
only a few tenths of a milbgram per minute In 
either case the rate of output is not consistently 
changed by pitressin or by water ingestion 1 hour 
later 

When a normal subject on unrestncted salt in- 
take takes 0 25 gram of NaQ per lalo of body 
weight m 10 per cent solution, one sees a nse m 
serum NaQ of from 40 to 60 mgm per cent, a fall 
in serum protein of from 0 32 to 0 50 gram per 
cent, and an increase of 200 to 600 per cent m 
rate of chlonde output withm the next few hours 
(Figure 3) When the subject has been on a low 
salt mtake (1 gram daily) for a week to 10 days 
preceding the expenment, the same results are 
obtained, except that the percentage increase in 
rate of chlonde output is greater Thus, m the 
first condition, the output nses from 3 to 12 mgm 
of NaQ per minute to 10 to 30 mgm per min- 
ute, while m the second case it nses from 0 3 to 
0 6 mgm per imnute to 5 to 15 mgm per minute 


The fall m serum NaQ is only slight after a 10- 
day penod of low salt mtake following unrestncted 
intake, e g , fall from 626 to 618 mgm per cent, 
in a subject able to conserve salt, i e , one whose 
renal NaQ output will fall to 04 to 0 8 gram 
daily on a daily mtake of 1 gram Since such a 
subject is not sigmficantly depleted of salt by such 
a penod of low salt intake, he responds to a large 
dose of salt m essentially the normal fashion, al- 
though the absolute rate of salt output following a 
given dose is usually less than when such dose is 
given dunng a penod of imrestncted intake 
The total tune required for the ebmination of such 
a dose is usually 4 or 5 days when on a daily low 
salt intake as compared with 3 or 4 days when on 
unrestncted intake 

In the normal subject, the increase in rate of 
salt output following such a dose begins m tlie 
third or fourth half hour Many expenments have 
been earned out in which the unnary response to 
vanous doses of NaQ in 10 per cent solution has 
been followed in 6 normal subjects on unrestncted 





NORMAL I3CX3 CC. WATER Dl 1500 CC WATER NORMAL 0 28 GM NACL/kiLO 



DI Q25 GM. NACL/KILO 



Figs 1 to 6 At A the subject drank the matenal designated under each figure, at P 015 unit of pitressin 
per kilo ivas administered subcutaneously Vrme designates urme volume (UV) in cc. per uMute, NaCl desi^tes 
renal output of NaCl in mgm. per mmute (UC) , Senim NaCl designates level of serum NaCl in tngm. per lUO cc. 
(SC) , Senmi protan designates serum protem in grams per 100 cc. (SP) DI — Diabetes msipidus 
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daily salt intake (7 to 14 grams daily) It was 
found in control experiments, where the subjects 
took nothing except occasional small dnnks of 
water, that the rate of chloride output usually 
falls dunng the day as from 6 to 12 mgm per 
minute in the morning to 2 to 5 mgm per nunute 
m the aftemoom If, then, after 6 half hourly 
unne collections beginmng at 8 ajn. a dose of salt 
15 taken and the collections continued for several 
hours more with the result that the rate of salt 
output nses dunng the afternoon, this nse may 
safely be ascnbed to the salt ingestion Many 
such experiments have led us to conclude that 
with a dose of 0 17 gram of NaQ per kilo the rate 
of chlonde output usually shows an increase of 
50 to 100 per cent, beginning in the fourth or fifth 
half hour , m the remaimng cases the rate at least 
stays constant t e the effect of the salt dose is 
seen in that the fall of control expenraenta docs 
not occur This is about the threshold dose 
which can safely be predicted to show an appreaa 
ble acute effect on rate of chlonde output With 
022 gram of NaCl per kilo some increase m rate 
of output has always been seen this is also true 
with 025 and 0 31 gram per kilo the magnitude 
of the effect bemg m general proporfaonal to the 
dose Also the larger the dose the sooner is the 
mcrease m output mamfcst thus, with 021 gram 
per kilo it is seen m the third half hour 

When a subject with diabetes insipidus on un 
restncted salt intake took 025 gram of NaCl per 
kilo there was usually no increase in rate of 
chlonde output within the next 5 hours m 3 of 
the 4 cases studied (Figure 4) , 2 of these cases 
^vc^c also studied dunng a penod of low salt m 
take with the same result This is not due to a 
failure of absorption of the salt, since the serum 
chlonde rose as much in these cases as in the 
normal subjects One of these cases was the most 
severe of the 4 a 10-year-old girl weighing 25 
kilos with a daily unne output of 9 to 10 liters on 
32 grams daily salt intake and of 6 liters on 0 8 
gram daily (subject of Figure 4) In 1 other 
case the unnary chlonde response has not been 
essentially different from the normal either on 
unrcstncted or on low salt intake this was a 
relatively mild case, an adult with a daily unne 
output of 4 to 5 hters Vanous observers (5, 6 
7, 8 9 10 II 12 13) have reported that chlonde 
elimination may be delayed m diabetes insipidus 


but m only a few cases has the blood been followed 
or the unne course of the first few hours observed 
The longer time rcbtions of tlie unnary re 
sponses to such a salt dose may be compared in the 
normal and the diabetes insipidus subject We 
have found no significant difference, in both, the 
excess salt is eliminated m 3 to 4 days when on an 
unrcstncted salt intake and m 4 to 5 days when on 
low salt mtake We confirm Veils statement 
(14) that in normal subjects following a dose of 
about 025 gram of NaQ per kilo the serum clilo- 
nde IS up for the first 24 hours only, bemg back 
to normal at the end of 24 hours and thereafter 
We do not confirm his finding that the chlonde 
output IS up for the first 24 hours, back to normal 
for the second 24 hours and then up again for the 
third day, dunng which the remainder of the dose 
IS eliminated We find rather that the output for 
the second 24 hours is almost as great as for the 
first, it then falls dunng the third and fourth 
days at the end of which the dose has been essen- 
tially completely eliminated The sinking finding 
IS that dunng the second 24 hours the output is 
about as high as dunng the first 24 hours, although 
the serum chlonde is usually back to normal and 
sometimes lower This is true for both the 
normal and the diabetes insipidus subject It is 
also true when the subjects are on low (except for 
the dose) daily salt mtake, the only difference here 
bemg that a day more may be required for the 
dose to be eliminated- A senes of observations is 
shown m Figures 7 to 10 
The stimulus for the mamtained increase m out 
put after serum chlonde has returned to normal 
may be an increase m plasma volume, although the 
mechamsra through which this might operate is 
not dear Our only due as to such changes m 
plasma volume is the plasma protem levd this 
usually but not always is bdow normal wlule the 
excess salt is bemg duninated Even m the cases 
where plasma protein returns to normal before 
elimination of the salt dose is completed it may 
be that plasma volume remains above normal 
Within 2 or 3 days diluted plasma protein may be 
built up to normal by new protein formation even 
though It IS probably safe to regard acute (meas- 
ured m hours instead of days) falls in plasma 
protem as mdicatmg increases m plasma volume. 
Another interpretation of the maintained m 
crease m salt output after serum chlonde has re- 
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Figs 7 to 10 The sohd blocks show the amount of NaCl put out m the urme m excess (or defiat) of the 
standard intake, where standard intake is the daily intake other than the experimental dose Thus, m Figure 7, the 
mtake in the food was 4 grams daily but on Day 1 there was an additional dose of 12 grams The sum of the 
blocks above the zero line adds up to the dose by the time chloride eqmlibnum is reattained At eqmlibnum, daily 
renal output of NaCl is a few tenths of a gram less than daily mtake, as is seen in the forepenod. 


turned to normal is that those elements of the 
tubular epithelium responsible for chlonde reab- 
sorption may, after having once attained salt eqiu- 
hbnum at a higher level, become desalted only 
slowly even in the presence of an environmental 
fluid which IS again normal with respect to salt, 
so long as these elements are more than normally 
salty they will fail to reabsorb salt to the normal 
degree of completion The pnnaple is analogous 
to that in which respiration is beheved to be regu- 
lated by the state of the intenor of the respiratory 
center cells or penpheral chemoreceptors rather 
than by the state of the blood per se Whatever 
be the interpretation, one must beheve that the 
factors regulating salt reabsorption by the tubules 
are represented by some stimulus acting m or on 
the tubular cells themselves, it is inconceivable 
that these cells can be appnsed of the existence of 
salt stores at some distant point in the body except 
through the operation of some process acting upon 
them immediately The acute rise m salt output 
occumng m normal and in some diabetes insipidus 
subjects following a large dose of salt is logically 
explained as due to the accompanying acute nse 
m plasma salt The failure of some subjects with 
diabetes insipidus to show such increase in output 
in spite of the usual nse in serum chlonde may be 
"explained” by the statement that the tubular 
cells of such subjects are slower to respond to 
environmental changes than the normal mdividual 
The maintenance of an increased salt output in 
both the normal and the diabetes msipidus subject 


after the serum chlonde has returned to or below 
normal and the cessation of an increased salt out- 
put without further demonstrable change in serum 
chlonde level, when the excess has been ebminated, 
demands some more subtle mechanism 

When a normal subject takes 025 gram of NaCl 
per kilo 1 hour after 0 15 umt of pitressin per kilo 
subcutaneously the increases in serum chlonde and 
in chlonde output are the same or somewhat less 
than without pitressin Four such expenments 
have been done on 3 normal subjects Where the 
nse in serum chlonde and m chlonde output is 
less than without pitressin the diminution in effect 
IS presumably due to interference by the pitressin 
with intestmal absorption There has been no 
evidence that pitressin accelerates the elimination 
of such a dose of salt under our expenmental con- 
ditions A typical expenment is shown in Figure 

5 

When a subject with diabetes msipidus takes 
025 gram of NaQ per kilo in 10 per cent solution 
1 hour after 0 15 unit of pitressin per kilo sub- 
cutaneously we find, as in the normal, that the 
course is not greatly changed by the pitressin, the 
nse m serum chlonde and in chlonde output is 
the same or somewhat less than without pitressin 
Three such expenments have been done on 2 wth 
diabetes msipidus , one is shown in Figure 6 (same 
subject as in Figure 4) In several other expen- 
roents, where the blood was not studied, earned 
out on another diabetes msipidus subject who 
failed to show within 5 hours any increase m 
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chlonde output following such a dose of salt with 
out pitressin, there was sbll no increase in output 
following the salt when pitressm was given, » e , 
the addition of pitressm did not render normal 
the response of these subjects to the salt dose 
Some madental observations may be noted 
One 13 that m the 2 diabetes insipidus cases ade 
quately observed there have been greater spon 
taneous fluctuations, on constant diet, in the serum 
chlonde level than is usually seen in normal sub- 
jects Thus 1 subject showed wthin a week high 
and low values of 631 and 592 mgm of NaQ per 
100 cc. respectively, another showed conduc- 
tivity readings mdicating a spread of 41 mgm. per 
cent This increased lability of the serum chlo- 
nde level in diabetes insipidus has also been noted 
by Marx (15) Tliere has been no correlation be- 
tween daily vanabons in serum chlonde level and 
m unne output One of us (H L W ) has ob- 
served correspondingly targe spontaneous fluctua- 
tions in serum chlonde level in dogs witli experl 
mental diabetes insipidus on constant diet, also 
without correlation with daily urine output In 
our expenence, normal subjects (either human or 
dog) do not show changes in serum chlonde as 
great as 40 mgm per cent even when there are 
large changes in chlonde mtake. Thus, a normal 
child showed withm a S-week penod serum NaQ 
values of 616 626 618, and 622 mgm per cent 
the first 2 values were obtamed dunng a penod 
of relatively high (4 grams daily) salt mtake, the 
second 2 values dunng a penod of low (10 gram 
daily) mtake 

The finding that a large dnnk of water when 
preceded or accompanied by pitressm dilutes the 
serum chlonde to as great an extent as it does 
without pitressm with no increase in amount of 
unnary chlonde output speaks against the view 
that pitressm ‘ mobilizes ’ chlonde from tissues 
into blood We also fail to find any consistent 
mcrease m chlonde output or m serum chloride 
following pitressm unaccompamed by a dnnk of 
water 

DISCUSSION 

The views expressed here are at vanance with 
those of vanous German workers For example. 
Veil (13 16) emphasizes the classification of 
diabetes insipidus into 2 types, the hyperchlo- 
remic hypochlorunc and the hypochloremic hyper- 


chlorunc. A partial summary of Veil’s views is 
attempted m the following paragraph 

If a byperchloremic-hypochlorunc case is gven 
10 to 20 grams of NaQ, his plasma protein does 
not dilute, as does the normal , rather, it may in- 
crease, This means that no water is drawn into 
the blood and indicates a reduction of the water 
depots Since it occurs with normal water con- 
tent of the blood, it must mean a disturbance of 
the exchange processes between blood and tissues 
Such a case also shows a much greater nse of 
serum chlonde to a given dose of salt than does 
the normal the ability of the tissues to take up 
salt 18 dimimshed In the normal the salt passes 
from the blood into the tissues as well as into the 
unne m diabetes msipidus it fails to enter the 
tissues The high molecular concentration of the 
blood so jiroduced stimulates the kidneys to m- 
creased water elimination Such subjects arc 
much more sensitive to water depnvation than the 
normal , their plasma protein nses much more on 
depnvation This is not true with primary poly- 
dipsia or with hypochloremic hyperchlorunc dia- 
betes insipidus The subject with hyperchloremic 
diabetes mspidus always shows a retarded elimina 
tion of chlonde, this is not due to any altered 
behavior of the kidneys but to a disturbance of 
the blood tissue salt exchange. Pituitnn acts on 
the tissues in general, not on the kidneys, restonng 
to normal the tissues ability to hold salt. It there- 
fore has an antidiuretic action on the hyperchlo- 
reimc but not the hypochloremic type of diabetes 
insipidus because the latter type already shows 
normal abihty of the tissues to hold salt 

The evidence for the statements in the preced- 
ing paragraph is scattered through a number of 
pubhcations and m our opmion, is not always ade- 
quate. First as to the idea that the hyperchlo- 
remic type of diabetes insipidus is merely a dis- 
turbance of exchange between tissues and blood, 
the fact that the blood salt rises on salt adminis- 
tration without correspondmg nse in renal salt 
output shows that the kidneys are not responding 
normally Second, it is not true m our expen 
ence, that the scrum chlonde of the diabetes m- 
sipidus subject nses higher than m the normal 
in response to a given dose of salt Third it is 
not true that the serum protein of a diabetes m- 
sipidus subject shows less dilution than the normal 
m response to a given dose of salt In the ex- 
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pcnmcnt of Figure 4 the senim protein was not 
followed, but m other experiments it has shown a 
dilution on salt ingestion quite comparable with 
the normal Thus, m ,a pair of experiments on 
a normal subject and on the diabetes insipidus 
subject of Figure 4 tlie serum protein in grams 
per 100 cc in the nomial was 7 82 before the salt 
dose of 025 gram per kilo, 796 1 hour after the 
dose, 7 SS 4 hours after the dose, 6 96 24 hours 
later, and 7 10 4S hours later, while the corre- 
sponding figures for the diabetes insipidus subject 
were 7 12, 7 06, 6 99, 6 64, and 6 53 Fmallj', 
uc cannot understand why an increased molecular 
concentration of the blood should stimulate the 
kidneas to increased water elimination in the ab- 
sence of anj increase in elimination of solids 
Wc hai e found no consistent differences in the 
blood responses of the diabetes insipidus subject 
as compared with the normal on ingestion of water 
or of salt, either with or without accompanjung 
pitrcssm administration We have not had any 
cases fail to show an antidiurctic response to pi- 
tressin, as A'al saj-s is the case with the hj’po- 
chloreinic ti-pc, although wc recognize that this 
does not mean tliat such cases Cvannot exist It is 
our impression tliat Veil’s hj-pocliloremic cases 
w ere not tnie diabetes insipidus 

Our concept of tins condition, as contrasted 
with that of aainous of the German workers, fol- 
low s Diabetes insipidus is due to a dcfiacnci of 
the antidiuretic pnnaple secreted bj the pars 
luruawi of the Iwpophjsis and adjacent floor of 
the third acntnclc This pnnaple acts on the 
renal tubules rather than on the tissues in general , 
it enables the tubules to reabsorb water from a 
hi'pertomc solution in their lumen The renal 
tubules m diabetes insipidus are less scnsiti\ e than 
nomialU to acute changes in water or salt con- 
centration of the blood There is no need to 
assume a disturbance of excliange of water and 
salt between tissues and blood m this condition, 
the blood responses to salt and to water ingestion 
are nonnal There is no basis for the dnasion 
into lu-perchlorcniic and Iwpochloreniic ti'pes , one 
and the same case while on constant diet mai show 
alteniatelj a hj-pcrchloremia and a Iwpocliloreniia 
Tnic diabetes insipidus can be disUnguished from 
pniwaia or ps\'cluc pohdipsia b\ watliholding 
water for 6 to 12 hours if tlie unne flow falls to 
nonnal and its concentration nses to normal the 


case IS a pnmary polydipsia If tlie polyuna per- 
sists, tlie case is ather diabetes msipidus or be- 
longs to a tjqie of renal disease unable to put out 
a concentrated urine, tlie latter condition should 
be recognizable by otlier appropnate measures 
One sucli measure may be mentioned If the pa- 
hent is put on a low salt intake (1 to 2 grams 
daily) (m tlie absence of gross sweabng or diar- 
rhea) he will, if a case of diabetes insipidus, come 
into clilonde equilibnum wutlun 2 to 4 days, with- 
out a consistently sigmficant lowenng of serum 
chlonde, i c , he wall beliave in these respects as 
does a normal subject A case of renal disease 
of the tjqie likely to be confused ivith diabetes in- 
sipidus wall, on the other hand, usually show a 
diminished ability to conserve salt as well as 
water, he wall continue in negative chlonde bal- 
ance and, if tlie procedure is prolonged, wall show 
a progressive fall in serum chlonde 

SUMMARY 

Witli 4 cases of diabetes insipidus studied, all 
hai e failed to show' OTtlim a few hours an increase 
in unne flow' in response to a laige dnnk of water, 
when unne flow' preceding the dnnk ivas below 
maximal 

Normal subjects show' within 2 hours a greatly 
increased rate of unnary clilonde output m re- 
sponse to a dose of 0^5 gram of NaCI per lolo in 
10 per cent solution Of the 4 cases of diabetes 
insipidus studied, 3 haie failed to show any in- 
crease in chlonde output wathin 5 hours while 1 
has responded essentially normally VHiere a de- 
laj in clilonde output occurs, the delaj' is not due 
to a failure of nse of serum chlonde. 

Both normal and diabetes insipidus subjects ex- 
crete about 40 per cent of tlie above dose of salt 
dunng the first 24 hours, about 40 per cent dunng 
die second 24 hours, and the remainder wathin the 
next daj or two This is true whether tlie ex- 
penment be done dunng a penod of high or low 
daih salt intake, provided the subject is able to 
consen'e salt adequateh , i c , to come into salt 
equihbnum on low salt mtake before serum salt 
IS significantlv lowered The only qualification is 
that a day longer maj be required for ehmination 
of tlie dose on a low as compared wath a high daily 
salt intake. The serum chlonde is high for the 
first da\ but is practically alwaj-s down to or below 
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normal by the end of 24 hours and thereafter 
The maintenance of the high rate of chlonde out- 
put during the second 24 hours is not satisfactorily 
explained, although some guesses are proposed 

In neither nonnal nor diabetes insipidus sub- 
jects has 0 15 umt of pitressin per kilo subcutane 
ously resulted m any consistent mcrease in rate of 
unnary chlonde output, either wth or without a 
large dnnk of water, the behavior of the serum 
chlonde is not affected by the pitressim The anti 
diuretic action of this dose of pitressm is marked 
for 4 to 6 hours in both normal and diabetes m 
sipidus subjects, foUowmg this it dimimshcs 
rapidly and is usually not apparent after 8 hours 
The antidurebc action of pitressin in the normal 
subject is, of course, observed by following the 
pitressm with a laige dnnk of water 

The nse m serum chloride and m rate of chlo- 
nde output following a dose of 02S gram of NaQ 
per kilo in 10 per cent solution is either unaffected 
or somewhat dimmished by a dose of 0 15 unit 
pitressm per kilo subcutaneously 1 hour previ 
ously m both the normal and tlie diabetes in 
sipidus subject. 

Since the blood changes m all of the procedures 
earned out have been the same in the normal and 
in the diabetes insipidus subject, diBferenccs m 
unnary responses may logically be referred to dif 
ferences In sensitivity of the kidneys, presumably 
the tubules, to environmental changes Each of 
the 4 cases of diabetes insipidus studied has shown 
kidneys less sensitive than the normal to the fall 
in plasma molecular concentration brought on by 
a large dnnk of water Three of the 4 cases have 
shown ladntys less sensitive (within the first few 
hours) than the normal to the increase m plasma 
molecular con centr ation brought on by a large 
dose of NaD one (the least severe) has shown 
essentially normal sensitivity m this respect 

It 15 believed that there is no justification for the 
division of cases with diabetes insipidus into hy- 
perchloremic hypochlorunc and hypochloremic- 
hyperchlorunc types or for the view that the con- 
dition IS primarily a disturbance of the processes 
of exchange of water and salt between tissues and 
blood 


Wc wish to express our thanks to Dr A, F Hartmann 
for the facilities of the mctaholUm ward of the St Louis 
Children s Hospital fn the study of 1 case with dabetea 
msipidas and 1 normal case. 
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The defects found in congenital heart disease 
are frequently of such character as to disturb the 
normal pathways of arculation through the heart 
The common types of congenital lesions responsi 
ble for diverting the normal course of blood are 
mterventnculnr septal defects with or without pul- 
monary stenosis, auncular septal defects and pa- 
tent ductus arteriosus In these anoraahes the 
hemodynamic relationship between the nght and 
left side of the heart becomes so altered as to lead 
to a mechamcal interference with the proper oxy- 
genation of the blood When this obtains, quanti 
ties of blood pass unaerated (venous artenal 
shunt) from the nght to the left side of the heart 
grving nse to varying degrees of oxygen unsatura 
tion cyanosis, and anoxemia On the other hand 
the course of the blood stream may be shunted 
from the left to the nght side of the heart (ar- 
tenal venous shunt), thereby permitting oxygen- 
ated blood to pass back into the lesser circulation 
Under the latter conditions there may be neither 
anoxemia nor cyanosis 

In this study we have sought to obtain data re- 
garding the presence or absence of anoxemia and 
factors influencing its development Information 
of this kmd is of course important m congenital 
heart afflictions because pre^oses, particularly of 
the potentially more senous defects, depend in 
general on the degree of anoxemia and the extent 
of the mcreasc of the work of the heart The 
degree of cyanosis is a valuable guide, but is not 
an accurate measure of anoxemia If poly 
(ytliemia is present there may be a suffiaent 
quantity of oiqrgen for the tissues and m addi- 
tion enough reduced hemoglobin to cause cyano- 
sis Conversely anoxemia may be present with- 
out visible (yanosis We have attempted here to 
mvestigate this problem by studying the variations 

^Thij ftudy Tm earned out in the Medical Unit of 
Wnbelmlna Hospital, UnlvcTBlty of Amatcrdani, and the 
Cardiac Department of London Hospital, London. 


m blood lactic aad levels at rest and following 
alight cxerase. The amount of lactic aad in the 
blood can be utilized as a measure of anoxemia 
since it IS rccogiuzed that a reduction m the oxy- 
gen supply to the tissues can, by inhibiting the 
oxidative recovery process, prevent the combus- 
tion of lactic aad and its conversion to glucose, 
thus giving nse to the accumulation of this sub- 
stance m the tissues and blood stream (1, 2) 

METHOD 

The InvcttigBtion waa earned out m the morning with 
the subjccta in the failing itatc. The paticnU rested 
at Icait thirty minntes before being placed m the chair 
ergometer and a sample of blood waa drawn from tbe 
anterior cubital veta With the exception of a few who 
were too ill all fubfccts were subjected to a mild exeroie 
test The exerdse on tbe chalr-ergometer U simple and 
easily executed after the subject has been given a few 
simple instructions. Briefly the apparatus consists of a 
comfortable chair projecting out from which Is a double 
set of small tracks. The feet arc fastened to two nmners 
whfch lu turn fit on tbe tracks. In the act of extension 
of the legs a set of weights, connected to the heels of tbe 
runners by a combination of bicycle dnhn are raised 
a given distance. The work performed is calculated In 
terms of Ulogranuneters An average of about 1500 
kgm. m, of work was done in ten minutes. We have con 
sidered this amount of physical work as equivalent to mild 
exercise. Several patients, however were unable to carry 
out this amount of exerdse because of fatigue and 
dyspnea. After exerase the subject remained sitting 
quietly in the chair Seven minutes after the cessation 
of cxerase a second sample of blood was r em oved from 
the anterior cubital vein. Lactic aad reaches a maximum 
concentration in the anterior cubital van seven mmutes 
after the termination of work on the chalr-ergometer (3) 

The samples of blood were then analyzed for lactic add 
b duplicate or triplicate by the method of Frddemann 
Cotomo and Shaffer (4) The error bvolved m the 
method is no greater than 1 mgm. per cent 

MATERIAL 

Thirty nine persons were stuclied In several 
instances the individual expenments were re- 
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peated Of the total number tested eighteen were 
patients with congemtal heart disease (Tables II 
and III) with chmcal or radioscopic evidence of 
either intra or extra cardiac communications be- 
tween the venous and artenal arculation In this 
group eight were diagnosed as having interven- 
tncular septal defects, seven cases showed the 
classical findings of patent ductus artenosus, two 
cases with permanent cyanosis were diagnosed as 
tetralogy of Fallot , and one case possessed either 
an interventncular septal defect or a patent auncu- 
lar septal defect The diagnosis m each of the 
eighteen cases of congemtal heart disease was 
based on the auscultatory findings, radioscopic ap- 
pearance of the heart, and electrocardiographic 
evidence In two cases it was necessary to rely 
solely on the auscultatory findings because of the 
absence of enlargement of one or more chambers 
of the heart and the absence of enlargement of the 
pulmonary artery In these two cases, however, 
the auscultatory findings were quite conclusive in 
respect to the location and character of the mur- 
mur and of the accompanying localized thnll 

Ten of the subjects studied had normal cardio- 
vascular systems and their ages ranged from ten 
to fifty-mne years There were six cases of ac- 
quired valvular defects, two of which were as- 
soaated vnth auncular fibrillation Of the re- 
maimng five cases there were two of coronary 
thrombosis, two of hypertension assoaated with 
coronary disease, and one of ventncular tachy- 
cardia 

RESULTS 

The concentration of lactic aad in venous blood 
of the normal human at rest with the Freidemann, 
Cotomo, and Shaffer method (4) vanes from 10 
to 20 mgm per 100 cc of blood (5) Table I 
shows the lactic aad values obtained from ten 
normal subjects at rest and after the above de- 
scnbed mild exerase After these same individ- 
uals were submitted to our exerase test the 
concentration of venous blood lactate never ex- 
ceeded 21 mgm per 100 ca The average concen- 
tration of lactic aad at the resting level was 13 8 
mgm per 100 cc while after mild exerase it was 
16 3 mgm , an average increase of slightly more 
than 2 mgm per 100 cc No patient showed nor 
complained of fatigue or dyspnea after the exer- 


TABLE I 

Lactic aad content o/ venous blood during rest and 
after exerase in normal subjects 


Case 

Aee 

Sex 

Amount 
of work 
performed i 

Lactii 

Before | 

c add 

After 

1 

years 


kgm m 

mgm i>er 
100 u 

mgm 

100 

i>er 

cc 

22 

F 

1,260 

12 8 

15 

0 

2 

23 

M 

1,440 

10 3 

12 

9 

3 

11 

F 

1,050 

13 6 

16 

6 

4 

19 

F 

1,287 

114 

13 

7 

5 

13 

M 

1,350 

15 0 

17 

0 

6 

24 

M 

1,920 

15 8 

16 

4 

7 

13 

F 

1,092 

12 6 

16 

8 

8 

59 

M 

2,000 

15 3 

20 

5 

9 

10 

F 

350 

12 0 

17 

2 

10 

24 

M 

1,700 

15 4 

15 

8 

11 

35 

M 

1,500 

17 7 

17 

8 




Average 

13 8 

163 


ase and all stated they could carry on without any 
difficulty 

The resbng lactic acid levels and those foUow- 
mg mild exerase for the cases with venous artenal 
shunts are tabulated in Table II These patients 
are classified under the cyanotic group because of 
permanent cyanosis or its development after exer- 
ase (transient type) The changes in the concen- 
tration of the lactic aad following exerase are 
obviously marked, with the exception of Case 16 
In every other instance there is more than a 65 
per cent increase Two separate experiments 
were earned out on Case 16 and the results were 
substantially in agreement, showing a 9 per cent 
increase from the resting value after the exerase 
test 

A fairly defimte relationship exists between tlie 
lactic aad concentration and dyspnea, the patients 
with the highest lactic aad levels showed the great- 
est amount of dyspnea after exerase (See Table 
11 ) 

Twelve cases compnse the acyanobc group 
(Table III) None showed visible cyanosis be- 
fore or after mild exerase The highest lactic 
aad concentration after exerase was found in 
Case 21 In this group the height of concentra- 
tion of lactic aad after exerase was again related 
to the degree of dyspnea In those cases m which 
the lactic aad response was within the normal 
range, dyspnea was nather observed nor noted by 
the patient This table further indicates that the 
blood lactic aad values may nse well above the 
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TABLE U 


Cyanoiic [roup Ladic aotd \eodi venous Uood before and after standard exercise tn 
those cases of conienUaJ heart disease auoctaied tn/A renous-artenal shunts 


Cue 


Ea 

Dlamorit 

Work 

Lactic add 

Utoo- 

Red 1 
blood 
cent 

Reatrka 


1 perfonoed 

1 

Befon 

After 

flobln* 

11 

yt*Tt 

63 

M 

1 

Interventricular icp- 
tal defect 

i 

1200 

f4r e«%i 

18 44 

nr*( 

t<T «*! 

43 25 

rrr t**t 

121 

mOltons 

TZ 

Cyanotic, became dyspnelc 
after this exercise and 
cyanosli more intense 

12 

19 

M 

Tetralc^ of Fallot 

540 

' 17 98 

i 

1 40 94 

106 

110 

Continuous cyanosis since 
bulh became extremely 
dyspnelc and blue after 
this amount of eicrdso 

13 

17 

F 

Tetralogy of Fallot 

1 1350 

1603 

1 

28 44 

132 

7,5 

Cyanotic all her life Cy 
anosls Increased after 
work. Developed slight 
dyapnea after exerase 

14 

23 

1 

F 

Patent ductus 

1 

875 

1 

13 20 

28 68 

90 

so 

SUgbt degree of cyanosis, 
O^oaiB did not increase 
after work. Slightly dyip- 
neic and fatigued after 
exerdse 

14 

1 “ 

F 

Patent ductus 

984 

13J0 

27^ 



As above 

15 

1 

1 

F 

Interventncular eep- 
tal defect aseoctated 
with patent ductus 
arteriosus 

1720 

1 

2088 

i 

47 10 

1 

82 

50 

No cyanosis but became 
cyanotic after exerase 
Cfomphlned of fatigue 
Moderate degree of dysp- 
nea 

15 

21 

1 

Interventricular sep- 1 
tal defect assodatM 
with patent ductus 
artenosuB 

1475 

1848 ! 

29J6 



As above 


25 

1 

Interventricular sep- 1 
tal defect with pat 
ent ductus 

1512 

20 78 ' 

1 

1 

22 01 

130 

70 

Slight to moderate cya 
Dosls Not fatigued nor 
^pnelc after exercise 
Cyanosis more marked 
after exerdse 

16 

25 

iH 

Interventricular sep- 
tal defect with pat ' 
ent ductus 

1800 

18 85 j 

22,57 

1 



As above 





Average 



1 




• 17 gramB of hemoglobin per 100 cc. of blood ii equivalent to 100 per cent hemoglobin. 


upper range of normal (Cases 17, 18, 21, 22, 23) 
^vithout the development of cyanosis Thus the 
abnormal nse of lactic aad is not necessarily as 
soaated with cyanosis. 

In Table IV are shown the lactic aad values in 
chronic valvular defects with and without auncu 
lar fibrillation In the two cases of mitral stenosis 
assoaated with auncular fibnllation (Cases 31 and 
32) there was a defimtely abnormal nse in the 
lactic aad values following exerase. In Case 31 


a sbgbt amount of cyanosis developed but m Case 
32 this phenomenon was absent yet both developed 
dyspnea after the exerasc test In Case 29, like- 
wise, an abnormal lactic aad nse was observed 
and tven m the absence of auncular fibrillation, 
dyspnea developed after 1500 kgm m of work 
In the remaimng cases no abnormal response was 
obtamed In Case 35 a slightly elevated resting 
lactic aad value was obtained. 

Several mteresting findings are brought out m 
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TABLE m 


AcyanolK group Lactic acid leveh of venous blood before and after standard exercise 
in those cases of congenital heart disease associated with artenal-venous shunt 


Case j 

1 

Age 1 

Sex 

JDfagnosiB 

Wort 

Lactic add 

Remarks 

performed 

Before 

After 

17 

yean 

32 

M 

Probably case of interven- 
tncular septal defect 

hem m 

1175 

mtm 
per ctnf 

22 89 

tngm 

Per cent 

28 34 

Some dyspnea after exercise 

18 

21 

M 

Patent ductus 

2100 

15 80 

23 20 

No dyspnea No fatigue 

19 

31 

F 

Patent ductus 

1275 

19 65 

21 73 

Slight dyspnea after work 
Snort of breath on exertion 
aU life 

20 

32 

F 

Patent ductus 

750 

13 34 

15 19 

Only complained of feeling 
tired No dyspnea 

21 , 

28 

F 

1 

Patent ductus 

1250 

j 

15 44 

37 87 

Moderately dyspneic Breath- 
lessness since able to walk 

22 

22 


Interventncular septal de- 
fect 

1510 

15 71 

26 70 

Slight dyspnea 

23 

47 


Interventricular septal de- 
fect 

2000 

21 20 

31 73 

Slight dyspnea 

24 

1 

12 

1 


Interventricular septal de- 
fect 

1095 

1188 

13 00 

No dyspnea 

25 

1 

S 

1 


Probably interventricular 
septal defect 

120 

13 54 

14 36 

No dyspnea 

26 

6 


Probably interventricular 
septal defect 

240 

1417 

14 77 

No dyspnea 

27 

10 

1 M 

Interventncular septal de- 
fect 

1460 

16 84 

20 59 

No dyspnea 




1 

^ Average 

16 40 

24 31 


28 

1 

23 

' M 

Interventncular septal de- 
fect 

1000 

28 64 

S3 90 

Marked dyspnea (See Table V, 
Group VII) 


Table V Because of the poor condition of some 
of these patients it was impossible to submit them 
to the exerase Cases 56 and 37 were elderly 
subjects with acute coronary closure but without 
apparent signs of congestive failure Both showed 
moderately high lactic aad values at rest It is 
very hkely that the above cases would have de- 
veloped dyspnea upon exertion Case 38 had 
auncular fibnllation in addition to hypertension 
and coronary artenosclerosis His resting lactic 
aad level was at the upper himt of normal Fol- 
lowing exerase it rose to 30 mgm and moderate 
dyspnea developed Case 39 showed a high rest- 
ing lactic aad value, 37 mgm This was a case of 
congestive failure resulting from paroxysmal ven- 
tncular tachycardia of long duration This pa- 
tient was dyspneic and orthopnac. 


DISCUSSION 

Effect of cardiac shunts on blood lactic acid 

If anoxenua can develop as a result of the 
shunting of venous blood from the nght heart to 
the left through unaerated channels (veno-artenal) 
we should expect to find a corresponding increase 
m the blood lactic aad level following exerase. 
On the other hand, if the shunt is artenal-venous, 
tlien no nse of the blood lactic aad level would be 
expected The findings in Table II showing the 
effect of exerase on the venous blood lactic aad 
level at rest and following exerase are staking in 
that they indicate that anoxic anoxemia (6) can 
occur without cardiac failure The most obvious 
explanation of this situation is that adequate 
amounts of imaerated blood are shunted into the 
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TABLB TV 

Lacitc add ujlua of venous blood h^ore and after standard exercise in cardiac duorders resulHni 
from rheumatic valvular defects tdlh and without auricular fihnJlaHon 




Etx ' 


Work 

Lactic acid 

Kenaria 



1 

pcrionned 

Befon 

After 

29 

ynfS 1 

29 

M 

Mitrsl stcEKmA and aorta In ‘ 
■uffiaency I 

ktm «. ^ 

1500 1 

mzm 1 

p€r c»nt 

19XL 1 

»an« 

per cent 

28J2 

Sight dyspnea after 
test 

30 

16 

M 

Mitral insttfBaency with ate 
nova i 

1920 

11 13 

13 00 

No dyspnea nor fatigue 

31 

« 

M 

1 Mitral ftenoauivnthaixncutar 
fibrillation 

718J 

2163 

1 

23 93 

Sight cyanosis, fatigue 
and uight dyspnea 
after test 

32 

43 

M 

1 Mitral etenoaia with auncnlar 
GbrlUatlon 

1 1575 

i 

16 01 

25 17 

Sightly fatigued and 
dyspnelc after test 

33 

29 

M 

Aortic Ia9u65cieflcy 

840 

, 14 87 

16 00 

Severe headache Re- 
fused to carry on with 
work 

34 

21 

M 

Aortic manflficiency 

1900 

, 13 61 

15 88 

No dyspnea nor fatigue 





1 Average 

1608 

20J6 



TAOLB V 

Lodic add values of venous blood before and after standard txercw in other cardiac conditions 


Cate 


Sex 

DtarnoeU 

Wbrt 

Lactic add 

Ectoarici 


periamted 

Before 

AfUT 


yttrt 



kgm^ tm. 

frr teui 

mtm 

pertevi 



CORONARY TBR0UBO91S CROUP V 


35 

60 

M 

Coronary thrombosis 
diabetes 

with 

No work 

23 42 

■ 

Occlusion six days old 

36 

59 

M 

1 

Coronary thrombosis 
hypertension 

with 

No work 

19^ 

■ 

No sl^ns of congestive failure 
angina pectons for past 
seven years 





Average 

21 67 




HYPERTENBION WTTH CORONARY ARTHRIOSCLSBOSU, CROUP VI 


37 

SO 

M 

Hypertension with coronary 
arteriosclerosis 

No work 1 

29 14 


No sigus of congestive failure 

38 

60 

F 

As above with auricular fibril 
lation 

1013 1 

19 83 

30 05 

Dyspnea following exercise 



1 


Average 

24,40 

30 os 



COKOBSTIVB VA£LURE CROUP Vn 


39 

50 

M 

Ventncular paroxysmal 
tachycardia 

No work 

37 72 


No cyanosis, pulse 170 

28 

23 

M 

Interventricular septal defect 

1000 

28 64 

S3J» 

Marked dyspnea after exercise 


1 

1 


Average 

33 18 

53 90 
































































390 


PHILLIP HALLOCK 


general arculation, thus creating an oxygen defiat 
(anoxemia) If, following the exerase test the 
recovery phase be prolonged because of this oxy- 
gen shortage, an excessive accumulation of lactic 
aad will be expected m the venous blood for some 
time after the termination of the exerase The 
amount of unaerated blood shifted wiU depend on 
the size of the defect, and the height of blood pres- 
sure m the two arcmts As long as the pressure 
m the nght heart or pulmonary artery is main- 
tained higher than on the left side imaerated blood 
will pass through the defect 

In congemtal heart disease, tissue anoxia is ap- 
parently not present dunng rest for the lactic aad 
values are essentially normal While the arcu- 
lation rate may be slowed somewhat if poly- 
cythemia IS present, enough oxygen seems to be 
available to remove the lactic aad which is norm- 
ally formed at rest 

When Table II (cyanotic group) is compared 
to Table III (acyanotic group) it will be noted 
that the lactic aad concentration, particularly after 
exerase, is with only a few exceptions consistently 
higher in the cyanotic group The presence of 
cyanosis, though not directly responsible for 
higher blood lactic aad levels, indicates a potential 
state of oxygen defiaency which easily can be 
precipitated by mild physical exertion It is a 
common chmcal observation that in congemtal 
heart defects with venous-artenal shimts, cyanosis 
becomes more intense upon such slight exertion as 
walking This observation was made in the cy- 
anotic cases following the exerase test This is 
to be attnbuted to the fact, as pointed out by 
Haldane (7), that in morbus caeruleus after exer- 
ase, the blood returned from the musculature is 
extremely poor m oxygen Furthermore, Lunds- 
gaard and Van Slyke (8) point out that as much 
as one-third of the venous blood entering the nght 
heart chamber must be shunted over directly into 
the systemic arculation before the cyanotic thresh- 
hold IS exceeded In extreme cases of cyanosis as 
much as two-thirds of the venous stream may be 
shimted, thus leading to a high degree of oxygen- 
unsaturation It is reasonable to assume there- 
fore that cyanosis in congenital heart disease in- 
dicates the presence and approximate extent of 
the shimt, though not in quantitative terms 

When polycythemia is present in congemtal 
heart disease it appears to be a compensatory proc- 
ess ansing from the stimulation of erythropoietic 


bone marrow tissue by anoxia As a consequence 
the red cell count increases and therefore the ca- 
paaty of the blood to carry oxygen is increased 
In spite of Its apparent benefiaal effects, its pres- 
ence indicates, as our studies show, that tlie liabil- 
ity to tissue anoxia is great even followmg mild 
exertion (Table II) 

The degree of cyanosis is not necessanly an 
mdex of the amount of oxygen lack that will de- 
velop following muscular work Case 16 (Table 
II) illustrates this pomt Two separate sets of 
determinations were earned out on this individual, 
the results bang m veiy good agreement The 
resting values on both occasions were shghtly ele- 
vated as compared with the normal group Fol- 
lowing exerase the average nse of lactic aad was 
about 2 mgm per 100 cc of blood This _patient 
had continuous cyanosis and following the exer- 
ase the cyanosis deepened appreaably, yet the 
lactic aad nse was only shght Marked sec- 
ondary polycythemia was present in this subject, 
and there was moderate cardiac enlargement 
We must conclude from this case that tissue 
anoxia, at least to any marked degree, may be 
absent even in the presence of cyanosis and poly- 
cythemia This patient complamed of no fatigue 
after exerase and dyspnea was not noted He 
stated he could easily carry on the work and was 
the only patient m this group who did not show 
evidence of fatigue or dyspnea Obviously there 
was enough reduced hemoglobin to produce cya- 
nosis, yet there was a sufficient amount of oxygen 
to prevent a muscle oxygen debt 

Blood lacftc aad in acquired heart disease 

When the five imcomphcated cases of mitral 
stenosis and aortic insuffiaency (Table IV) are 
considered, it will be noted that the lactic aad 
levels before and after exercise are within nor- 
mal limits and that the exerase response is the 
same as in normal subjects On the other hand, 
the two cases of mitral stenosis assoaated with 
auncular fibrillation showed a moderate nse above 
the normal lactic aad level Also, shght to mod- 
erate dyspnea was noted after the exerase It 
would appear that in cases of valvular defects as- 
soaated with auncular fibrillation a mild state of 
anoxia develops following exercise In this group 
can also be included Case 38 ivith hypertension, 
auncular fibnllation, and evidence of marked en- 
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largement of the left ventricle Dyspnea fol- 
lowed the exerase test and, while the resting level 
of lactic aad was at the upper limits of normal 
tlie concentrabon after exerasc rose to 30 05 
mgm. The lactic aad nse m this case was un- 
doubtedly consequent to left ventncular failure. 

Of the two cases of coronary thrombosis 
studied, Table V Group V nather had any signs 
of congestive failure, still the resting blood lactic 
add levels were shghtly elevated 

Two cases of congestive failure were studied 
Table V, Group VII Both showed high blood 
lactic aads levels at rest Case 28 was given the 
standard exerasc test and the blood lactic aad 
rose to 53 mgm per 100 cc, of blood This was 
the highest value recorded m the senes, mdicat- 
ing the great tendency to tissue anoxia when the 
cardiac resent is impaired 

That the concentration of lactic aad may reach 
abnormally high concentrabons even at rest in 
cases of arculatory failure was demonstrated by 
Mcakins and Long (9) and confirmed by Jervell 
(10) They pointed out, furthermore that the 
accumulation of laebe aad m the blood was in 
proporbon to the seventy of the arculatory fail 
ure and was excessively great after exercise. 
The results m our two cases were m enbre ac- 
cord with the findings of the above invesbgators 

The mcreasc m the concentrabon of laebe aad 
following even mild exerdsc m cardiac failure 
must he attributed to a defiaent oxygen supply to 
the tissues With mild physical exerbon the oxy 
gen supply cannot be increased in proporbon to 
the increased oxygen requirement and a greater 
accumulation of laebe aad m the blood is found 

Relahon of blood lactate values to cordtac 
xnsufficxeucy 

From the studies above it is apparent that the 
cause of hyperlacbcaademia in acquired heart dis 
case is myocardial insuffiaency It is then neces 
sary to inqmrc whether the high lactate values ob- 
tained m Table 11 (cyanobc type of congenital 
heart disease) and Table III (acyanobc type) 
can be accounted for on the basis of myocardial 
weakness In order to obtain data in this dircc- 
bon we submitted the pabents with ccmgemtal 
heart disease to radiocardiological and electro- 
cardiographic examinabou of the heart the pur- 
pose being not only to determine the type of en- 
largement for diagnosbc purposes but also to 


determine the degree of enlargement from a view- 
pomt of cardiac efficiency The degree of en- 
largement js a fair mdex of the seventy of the 
myocardial lesion and of the liabihty to failure 
(11, 12, 13) When Table VI is exammed all 
the post-exerase values are abnormally high ex 
cept in Case 16 Case 16 showed moderate en- 
largement of all chambers of the heart, yet the 
lactate concentrabon remains about stabonary 
Certainly from the point of view of enlargement 
the lactate values after exerasc in this instance 
should be high if myocardial insuffiaency were 
present. On the other hand Cases 11, 12, and 13 
showed a very shght degree of enlargement with 
no evidence of myocardial disease by the electro- 
cardiogram Yet the lactate values doubled after 
exerase. From a considerabon of these observa- 
bons It would be inconsistent to attribute the high 
lactate values to myocardial insufficiency In 
Cases 14 and IS only are we jusbfied in attnbut 
mg the high lactate value to myocardial insuffi 
acncy Yet m Case 14 gross failure was absent, 
for tlie venous pressure was 9 cm H,0 
When Table III (acyanobc group of congemtal 
heart disease) is exammed, abnormally high 
values are found m Cases 17, 18, 21, 22, and 23 
Case 17 showed only slight enlargement Case 
18 showed no enlargement Case 21 revealed a 
large pulmonary artery with very slight if any en 
largement of the right ventnde. Case 22 showed 
no enlargement of the ventncles except slight en- 
largement m the rc^on of the conus and Case 23 
showed no enlargcnient Of course, it is possible 
that temporary myocardial insufficiency could 
have manifested itself dunng exercise. 

The above studies demonstrate that two factors 
may operate either Singly or m combination to in 
crease the laebe acid concentrabon of the blood 
m congemtal heart disease These are myocardial 
insuffiaency and the presence of ather mtra oi 
extra cardiac shunts In the presence of cardiac 
enlargement, to at least a m^erate degree, the 
cardiac reserve may be impaired and an increaBe 
m the blood lactate may be found after exerase 
The co-existence of a veno-artenal shunt would 
haghten the blood lactate value, Hovr ever, when 
cardiac enlargement is minimal or absent then the 
high lactate values may be preponderantly a direct 
result of the veno-artenal shunt On the other 
hand the clevabon of the blood lactate m some 
cases of the acyanobc group (arlenovenous 
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TABLE VI 


Significant cardiac findings in the congenital heart groups 


Case 

Dlaenosis 

Lactic add 

Radiocardlological findings 

Electrocardiogram findings 

1 

Blood 

inessure 

Auscultatory findings 

Before 

After 



mgm 

iier 

unt 

mgm 

per 

caii 



mm 

Bg 



CYANOTIC GROUP 


11 

1 

Interventric- 
ular septal 
defect 

18 44 

43 25 

Generalized enlargement 
slight Rt VentT Lt 
Vent t Pul Art f 

Normal rhythm Low 
voltage Lead I PI 
bifid P2 P3 promi- 
nent LAD 

135/80 

Systolic murmur all 
areas Loudest over pul- 
monic area 

12 

Tetralogy of 
Fallot 

17 98 

40 94 

Rt Vent t Lt Vent t 
Pul Art normal Conus f 

Normal rhythm T1 
T2 prominent and up- 
nght T3 inverted 
P tendency to bifid all 
leads RA D 

138/85 

Rough, blowing systolic 
murmur over pulmomc 
area, but no tfunll 2d 
pulmonic absent 

13 

Tetralogy of 
Fallot 

16 00 

28 44 

Dextrorotation of aorta 
Pul Art not enlarged 
Conus of Rt Vent t and 
alight generalized enlarge- 
ment 

Normal rhythm 

RA.D P3 and T3 
flat 

135/82 

Harsh, rough systolic 
murmur and systolic 
thnll over pulmonary 
area 2d pulmonic sound 
absent 

14 

Patent 

ductus 

arteriosus 

1 

13 20 

1 

28 68 

Pul Art tt Conus tt Rt 
Vent t Lt Vent f Ve- 
nous pressure 9 cm HjO 

Normal rhythm 

LAD PR. interval 
■= 0 26 sec 

1 

128/65 

Machmery-like murmur 
heard maximum over 
pulmonic area 2d pul- 
monic sound present 

15 

1 

1 

Interventnc- ^ 
ular septal 
defect asso- 
ciated with 
patent 
ductus 
arteriosus 

20 88 

47 10 

Pul Art tt Rt Venttt 
Conus tt Lt Vent t 

1 

Notching of P waves ^ 
in Leads I and II 
Otherwise normal 

I Normal rhythm 

I 

125/85 

Systolic murmur heard 
over 3d interspace just 
to left of sternum 

16 

Patent duc- 
tus art enosus 
associated 
with mter- 
ventncular 
septal defect 

20 78 

22 01 

i 

Pul Arttt Lt Ventt 
Conus tt Rt Vent ft 
Venous pressure 13 cm 
H,0 

R.A,D High P2 T2 
Increased amplitude of 
Q R S complexes 
Normal rhythm 

130/82 

2d pulmonic sound mark- 
edly accentuated Sys- 
tolic murmur heard b^ 
over 3d mterspace to left 
of sternum preceded by 
snapping 1st sound and 
followed by snapping 2d 
sound followed by soft 
blowing diastolic murmur 


ACYANOTIC GROUP 


Probable case 
of interven- 
tncular 
septal defect 

22 89 

28 34 

Pul Art si enlargement 
Rt Vent t Conus f 

Normal rhythm T2 
T3 Inverted Rt 
AD 

100/60 

Basal systolic thnll pul- 
monary region Systolic 
murmur all areas, maxi- 
mum over base 

Patent 

ductus 

Botalh 

15 00 


No generalized enlarge- 
ment Pul Art tt and 
pulsatmg 

Rt AD Normal 
rhythm 

145/95 

Short blowing systolic 
murmur over apex. Sjis- 
tolic thnll over pulmon- 
ary area with systolic 
murmur 2d pulmonic 
sound present 




















LACTIC ACID IN CONCEMTAL HEART DISEASE 


393 


table VI ' — Qmitniud 


c^i 

Diasoocis 

Lactic add 

Radlocardlotoclc*! 

EkctntcknUotrmca fiodlofi 

BW 

AtuculUtorr flndlcn 



BS 

E!3 

preamre 

■ 



pir" 

ffr 

ctut 



lu 



AcVAKOTic GKoop (Cpithnucd) 


19 

1 

Patent 

ductm 

artenosua 

19 00 

21 00 

Pul ArLff with pulsation 
R-V ft Contis tt Poh 
branches f 

ILA.D Normal 
rhythm 

120/90 

Systolic thrill and mur 
mur over 1st and 2d left 
Coterqsces 

20 

Patent 
ductus 
arteriosus ' 

13 00 

15 00 

Pul Art tt Other changes 
•light 

RJl D Normal 
rhythm 

130/80 

Machinery like intrnnur 
beard over pulmonic area 
2d pulmonic sound beard 

21 

Patent 

ductus 

artenosus 

15 44 

1 

37^2| 

Pul Art-tf with marked ' 
pulsation of pulmonsry | 
vessels. No aortic win- 
dow Cooas.t ^ cn 
largementof rt vent, only 

Bifid P2 P3 

110/65 

Systolic and diastolic 
murmur over pulmonary 
artery and thrill 

22 

Interventnc 
ular septal 
defect 

15 00 

26 00 

Slight enlargement in co- 
nus region 

Normal 1 

! 

110/70 

Lsud rough systobc mur 
mur huird maximum 
along eternal border with 
•ytt^c thriD at level of 
3d interspace 

23 

Interventric 
ular septal 
defect 



No definite enlargement 

Normal 

135/80 

Loud rough systolic beard 
best over lower stemnra 
with systolic thrill 

24 

Interventnc 
ular septal 
defect 

1100 

13 00 

No definite eolargement 

Normal 

110/60' 

! 

l^d rough systolic mur 
mur beard ever entire 
stemtun but beard maxi 
mum along left sterna! 
louder at lc\*el of 4th 
interspace accompanied 
by syrtolic tbnll 

25 

Probable 
case of inter 
ventricular 
septal 
daect 

13 00 

14 00 

No enlargement 

1 

Normal 

100/60 

Loud rough systolic mur 
mur heard maxunura 
along left sternal border 
' at level of 3d Interspace 
accompanied by systolic 
thnQ 

26 

Interventnc 
ular septal 
defect 

14 00 

14 77 

Rt Vent tt Conus tt 
LtVenLt 

i 

RJV.D 

98/58 

Thnll and loud systc^c 
murmur ehated over 
level of 3d Intertpace just 
to left of sternum 

27 

Interventnc 
ular septal 
defect 

1 

16 00 

1 

20 00 

1 

Rt.Vcntt Conus t 

Art. sot enlarged 

Normal 

105/60 

Systolic murmur loud 
rumbling heard best over 
3d mterspace just to left 
of sternal borders. Level 
of 3d interspace 

28 

Interventric 
ular septal 
defect 
Congest nT 
failure 

I2S64 

53 90 

i 

Rt VenLttt Con«s.tt 
Lt. VenL-t PuL Art.! 
Lt Anr not enlarged 

R,A.D 

130/78 

Sj*stolic murmur loud 
and harsh heard best 
along left sternal border 

At lm*el of 2d interspace 
Dtastohe murmor ques- 
tionable 


H — Moderate cnUrsjtraent. 
f — SIwfat exiIai:peii»eot 
— Lot axU demtion 
Rt Vent — Right ventncJe. 


RJ^J) — Right axi» deviatjofl- 

ttt “ ContjderaWe caitjgement, 
Lt Vent. ■■ Left ventricle 
PuL Art •• Polmonary arterc 
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shunts) requires further explanation The high 
values cannot be explained on the basis of myo- 
cardial insuffiaency because it would be extremely 
difficult to comprehend how a heart normal m size 
and not showing any evidence of myocardial dis- 
ease could become temporanly mcompetent dunng 
mild exerase It is our impression that the high 
lactate values obtained are probably due to the 
shuntmg of blood from the left to the nght side 
of the heart through large defects and that there- 
fore the output of blood through the aorta into 
the penpheral arculation does not increase in pro- 
portion to the oxygen demand of the muscles in 
exerase 

From the foregoing survey it is apparent that 
the hyperlacticaademia which develops after exer- 
tion is constantly assoaated with the presence of 
dyspnea, regardless of the cause of anoxemia 
When dyspnea is present one can predict the oc- 
currence of abnormally increased amounts of lac- 
tic aad in the tissues and blood dunng exerase 
Valentin (14) previously adduced evidence to 
show that blood lactic aad is high in aU conditions 
mvolvmg dyspnea The observations made m 
this study indicate that dyspnea invanably accom- 
panies the anoxemic state 

CONCLUSIONS 

A 

1 An increased concentration of lactic aad m 
the venous blood is evidence of an madequate sup- 
ply of oxygen to the tissues 

2 There is only a slight increase of lactic aad 
in the blood following mild exerase in normal 
individuals, an average increase of about 2 mgm 
per 100 cc of blood above the resting value The 
normal upper limit of concentration of venous 
blood lactic aad following our exerase test did 
not exceed 21 mgm per 100 cc of blood 

3 The blood lactic aad studies show that tissue 
anoxia is not present at rest m patients with con- 
genital heart disease, either in the presence or 
absence of cyanosis 

4 FoIIomng mild exercise there is a definitely 
abnormal nse of blood lactic aad in the cyanotic 
group of congenital heart disease, indicating a 
greater liability to the development of tissue oxy- 
gen defiat after even shght physical exertion 

5 The presence of cyanosis and polycythemia 
in congenital heart disease does not necessanly 


mdicate that oxygen deficit will develop following 
mild exertion for no sigmficant nse of lactic aad 
level occurred m a case of morbus caeruleus 

6 Following mild exertion, a defimtely abnor- 
mal nse may occur in some acyanotic cases of 
congemtal heart disease, but the nse is not as great 
on the average as in the cyanotic group 

7 When dyspnea follows mild exerase the 
presence of tissue oxygen want may be assumed 
to be present regardless of what speafic cardiac 
defect IS ultimately responsible 
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THE USE OF CO, INHALATION AS A TEST OF aRCUlATION 

TIME' 

By RICHARD GUBNER, SIDNEY SCHNUR, and J HAMILTON CRAOTORD 

(From the Def^arimerU of Mediant Long Island College of Medicine and the Kings County 
Hospital, Brooklyn) 


While other functions of the arculatory system 
have long held the attention of physiologists and 
clinicians interest in the velonty of blood flow is 
of more recent date. Numerous investigators 
have established that alterations in the veloaty of 
blood flow may be of considerable clmical signifi 
cancc m vanous pathological states such as heart 
disease hyperthyroidism and vanous pulmonary 
conditions 

The clinical inapplicabihty of fluorescein, intro- 
duced by Koch (1), and of radon emanation, with 
which Blumgart and Weiss (2) performed \'alu 
able work on the arculation time in different seg- 
ments of the vascular system led Weiss and his 
colleagues to seek other substances which might 
be used objectively to test the rate of blood flow 
Histamine was first suggested (3) the endpomt 
being an intense flush of the face. This method 
was discarded however because of the delayed 
reaction time and the many unfavorable reac- 
tions which attended its use Sodium cyamde, 
which measures the arculation time from the arm 
to the carotid sinus was next introduced by Robb 
and Weiss (4) wth respiratory stimulation as 
the endpomt This method has achieved some de- 
gree of climcal application but its use has not 
become general because of the alarming reactions 
of syncope and respiratory arrest which may occa 
sionally occur 

Other more mnocuous methods have therefore 
been mtroduced Most of these have a subjec- 
tive endpomt which detracts from their value. 
All these substances, as well as cyanide and his- 
tamine require intravenous injection and several 
may produce local thrombosis and pain if extrava- 
sation takes place. They are, therefore, not very 
satisfactory for repeated tests Many of these 
agents, in addition, have individually undesirable 
features Dangerous ectopic rhythms may occur 
ivith the use of calaum salts in digitalized pa 

1 Prejcnted at the Scientific Sctsion of the New York 
Heart Aucciatton New York Academy of Medknne, 
February 1 1938. 


tients (5) Nausea and vomiting may follow the 
unpleasant taste induced by sacchann and de 
chohn Sudden death has been reported with the 
use of ether (6) 

Ether was introduced by Hitxig (7) to distm 
guish ” nght ’ from “ left heart time ’ i c , ether 
measures the veloaty of blood flow from the ante- 
cubital veins to the pulmonary capillanes The 

left heart time ’ may be estimated mdirectl> by 
subtracting the ether time from the values obtained 
by methods which determme the arm to tongue 
time. The two injections arc performed sepa- 
rately to reduce the inadencc of thrombosis which 
nevertheless frequently occurs The " left heart 
time ’ is of greater clinical interest since this time 
13 predominantly prolonged in left ventricular fail- 
ure occurring as a result of rheumatic, luetic, 
hypertensive coronary, or other types of heart 
disease (2, 3 8) 

A Simple direct, and liarmless method of de- 
termmmg “ left heart tome ' is available through 
the inhalation of CO, CO, inhalation was ap- 
plied to test arculation time by Bomstein m 1912 
(9) In fact this was the first attempt to meas- 
ure arculation time dimcally He however used 
only 5 to 7 per cent CO, and the long arculation 
tunes of 11 5 to 16.5 seconds reported by him as 
normal \’alues in the few cases he studied may 
be attributed to the low concentration of CO, 

TECHNIQXm 

A basal metabohsm apparatus from which the 
hrac chamber has been removed serves con\em 
ently for the performance of the test A cylinder 
of CO, is substituted for the oxygen cylinder and 
Bufikient CO, is introduced into the gas chamber 
to give about 4 liters of a SO per cent mixture of 
CO, and air After a maximal expiration to tlie 
outside the subject takes a rapid full inspiration 
of the CO, mixture through the mouth, wluch is 
immediately followed by a second rapid deep res 
piration to insure adequate diffusion of the gas 
into the alvcoh The beginning of the first in- 
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spiration is considered the start of the test The 
endpoint is announced subjectively by a distinct 
sensation of warmth passing over the head and 
frequently, by slight transient vertigo , and objec- 
tivel}'- by a quickening and deepening of respira- 
tion (Figure 2) The effect persists for several 
seconds and disappears completely within one-half 
minute 

The individual sensitivity to CO, varies con- 
siderably In the normal subject a smgle inhala- 
tion of 50 per cent COj is usually adequate to 
produce a distinct endpoint, but some subjects 
require stronger concentrations of COj to pro- 
duce a response when a single mhalation is used 
Inspiration of the gas m very high concentrations 
acts as an irritant to many In patients with heart 
disease it is frequently difficult to obtain an end- 
point with smgle inhalations of COj because of 
the impaired respiratory exchange due to de- 
creased vital capacity, and delayed diffusion of 
gases into the alveoli resulting from decreased 
lung elasticity, as demonstrated by Siebeck (10) 
For these reasons tivo inhalations of SO per cent 
CO 2 are routinely employed as descnbed above. 

In concentrations much below 50 per cent the 
endpoint becomes delayed Thus in one subject 
the endpomt increased from 7 seconds with a 50 
per cent mixture, to 9 seconds with a 25 per cent 
mixture, and to 15 seconds with a 12 5 per cent 
mixture. In another subject whose arculation 
time was 5 seconds with a 50 per cent mixture, the 
endpomt became similarly prolonged to 8 seconds 
with a 25 per cent mixture, and to 9 seconds ivith 
a 12 5 per cent mixture 


RESULTS 

Values obtained in normal subjects and in 
pathological cases are graphically tabulated in 
Figure 1 

In performmg repeated tests on over thirty nor- 
mal subjects we found the lung to respiratory 
center (or possibly carotid sinus) arculation time 
to be much shorter than that observed by Bom- 
stem The normal COj times ranged from 5 to 
10 seconds, the majonty being 7 to 8 seconds 
They were constant within one second in any 
single individual under similar arcumstances 


TABLE I 

Cyantde, ether, and COt hmes compared tn the same subjects 




Chrulation times 

Pa 

ticnt 

Clinical condition 

Cyanide ■ 

1 

Ether 

Cy- 1 
anlde i 
ether 

CO, 

s 

Hypertenslre heart di^ 
ease decompensated 

suonds 1 
34 

stcondi 

20-22 

seconds ' 
14 

seconds 

18 

s 

Hypertensive heart dis 
ease decompensated 

31 

1&-20 

13 

16 

c 

Atrophic arthritis 

14 

8 

6 

7 

s 

lUienmatic heart disease 
well compensated 

17 

8 

9 

8 

T 

Rhenmatic heart dlaeaee 
well compensated 

16 

6 

10 

8 

A 

1 Rheumatic heart disease 

1 well compensated 

IS 

9 

6 

7 

w 

Rheumatic heart disease 
well compensated 

15 

6 

9 

7 

c 

Hypertensive heart dJs 
case decompensated 

35 

20 

15 

18 

L 

Rheumatic heart disease 
decompensated 

26 

(saccharin) 

9 

17 

16 
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Tliese \'alues accord ^\ell with the normal ‘ left Figure 2 shows the effect of a single inhalation 
heart ’ arculation time obtained indirectl> b) sub- of 50 per cent COa m a normal subject Fne and 
tracting nght heart time (measured with five tentlis seconds after inspiration simultaneous 
ether) from combined nght and left heart’ \nth a subjects e endpoint of v-airmth m the head 
time (measured with dediolm cj'amde, sacchann and slight \ertigo there occurred a sharp stimu 
or calaum salts) The latter most often ranges lation of respiration mth a marked increase m 
bchvecn 12 and 17 seconds whereas ether time” AoUmie and rate which subsided completely m 
aAcrages about 6 seconds witli an upper normal less than one minute 

limit of 8 seconds C}^nide ether and COj Figure 3 shows the effect in a patient with rheu 
times were determmed in scAcral normal and car matic heart disease and pulmonary congestion^ 
diac subjects The CO times corresponded al A\ho3e sacchann and ether times, tested the daj 
most prcasel} to the difference between c\anide before were 26 and 9 seconds respectiAcI) Af- 
and ether times in the same subjects (Table I) ter a few mlialations of 50 per cent COj a sub- 
Stewart rf a/ (19) using our method found dose jeetne endpoint occurred at 16 seconds at the 
agreement bebAcen the CO time and the differ- point mdicated b> the flick m the traang This 
ence between decliolin and ether times m four was followed immediately by increased ventila 
subjects on whom these tests of arailation time tion Tlie latter was chicfi> m rate rather than 
were performed volume and while definite was not so sinking as 



Fig. 2. Inualation of 50 Per Cent CO m a NottiiAL Subject Endpoikt at SJ Seconds 



Tig. 3. Inhalation of 50 Per Cent CO, na a Rheumatic Cardiac. ENororKT at 16 Seconds 
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in the prcMous tracing of the normal subject 
Dunng the period of hypen^enplation the chest 
Mas held in an inspirator) posiPon (Figure 3), 
a further indication of the dyspnea which the pa- 
tient experienced 

Barr and Peters (11) have emphasized that 
the cardiac patient is unable to increase the vol- 
ume of his respiration considerably because even 
at rest breathing is close to the maximal capacity 
To quote Barr and Peters, “ A normal mdnidual 
•with an original vital capacity of 4000 cc may 
show under the stimulus of CO„ a tidal air of 
1500 to 2000 cc In a decompensated cardiac 
whose vital capacity may be only 1500 cc , the 
tidal air will not rise abo\e 500 to 750 cc with 
maximum CO„ stimulation The volume of res- 
piration is stnctly limited Any attempt to in- 
crease it IS accompanied by marked subjective 
d) spnea ” 

In left heart failure of whatever cause, CO, 
times have been found distinctly prolonged, com- 
mensurate with the degree of decompensation 
The longest time observed was 33 seconds In 
pulmonary congestion of moderate degree the 
tralues obtained have most often been between 15 
and 20 seconds Several patients have been stud- 
ied while decompensated and during recovery 
Thus, one patient who entered in heart failure had 
a CO, time of 24 seconds which fell progressively 
with improvement to 10 seconds, remaming steady 
at 11 seconds up to the time of discharge Re- 
admitted in failure again two months later, the 
patient showed a CO_ time of 22 seconds, w'hich 
similarly decreased to 11 5 seconds ivith improve- 
ment and rose again to 17 seconds with a tem- 
porary clinical relapse Another patient suffering 
from hypertensive heart disease and auncular 
fibrillation wuth heart failure had a CO, time of 
18 seconds whicli fell to 13 seconds the same day 
after phlebotomy was performed 

Table II summanzes tbe changes in arculation 
time during recoveiy^ in eight patients who entered 
the hospital rvith congestive failure secondary to 
Inqiertensue heart disease In all these cases the 
CO, times were initially prolonged and fell to- 
ward nonnal coincident rvith improvement The 
shortemng of the circulation tune was closely re- 
lated to the clinical course 

Normal rvalues of 7 to 10 seconds have been 
found in well compensated cases of heart disease 


TABLE II 

COi ctrculatwn times in patients with heart failure and 
during recovery (hypertensive heart disease) 


Pa 

tient 

Date 

COi 

time 

CUnlcal condition 


1937-1933 

sec 

ends 


N 

November 10 

24 

Decompensated pulmonary edema an 




ricular fibrillation 


November 11 

IS 

Markedly improved 


November 12 

10 

Improved 


November 18 

11 

Out of bed 

P 

November 11 

18 

Pulmonary edema before phlebotomy 


November 11 

13 

After phlebotomy 


November 15 

14 


McN 

March 25 

27 

Congestive failure basal rftlea enlarged 




liver edema 


March 29 \ 

28 

Unchanged 


March 31 

23 

Improved r&les persist liver slightly en 




larged no edema 


April 4 

16 

Improved few rftles liver not felt no 



edema 


Apnl 8 1 

9 

Well out of bed 

s 

March 29 

20 

Congestive failure basal rdles enlarged 




liver edema 


March 3 1 

IS 

Improved basal rftles 


April 4 

15 

Ba^ rftles 


Apnl 8 

12 

Improved occasional rftle 

K 

March 31 

1 

1 14 

Congestive failure auncular fibrillation 




i^es enlarged liver edema 


1 April 8 

10 

Out of bed no rftles 

B 

' March 31 

16 

Decompensated basal rftles weight 118 




lbs 


April 4 

IS 

Basal rftles, weight 111 lbs 


Apnl 8 

12 

Occasional basal rftle 

j 

March 3 1 

18 

Decompensated basal rftles enlarged 




liver edema weight 166 lbs 


Apnl 4 

14 

Improved basal rftles weight 145 lbs 


Apnl 8 

12 

Compensated weight 138 lbs 

R 

March 31 

20 

Decompensated basal rftles enlarged 




liver edema 


April 4 

IS 

Basal rftles enlarged liver 


April 8 

12 

Occasional basal rftle 


In one case with ascites and edema finally diag- 
nosed as portal cirrhosis, in which at first the 
differential diagnosis from heart disease w'as dif- 
ficult the CO_ time w'as nonnal being 7 to 8 
seconds Four asthmatic patients wnthout heart 
disease had normal CO_ times, three being 7 
seconds and one 9 seconds This group is of 
particular interest since the circulation time w'as 
normal despite a considerable diminution in -vital 
capacity The prolonged time in heart disease 
cannot therefore be attnbuted to a delayed dif- 
fusion of gas into the alveoli, since conditions of 
impaired respiratory excliange exist in asthma, 
and the arculaPon time is nevertheless normal 
An interesting experience was the finding of an 
unusually rapid CO, time of 4 seconds in a pa- 
tient who had auncular fibrillation ivith a very 
rapid ventncular rate This led to the suspicion 
of hyperthyroidism, and further history disclosed 
the development of symptoms of Graves’ disease 
following a severe psychic trauma a few months 
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before Basal metabolic determinations were re 
peatedly + 60 and at operation a toxic diffuse 
goiter found WiUi clinical impro\ cnient and 
a decrease in metabolism to + 12 following tlij 
roidectom> the CO time Ixxame prolonged to 9 
seconds more tlian double its onginal value An 
other patient con\’alesang on a surgical -ward 
from a laceration of the foot, i\tls tested as a sup- 
posed normal and \vas also found to lia\e an 
unusually rapid COj time of 3 5 seconds A more 
careful lustory and physical examination together 
wnth repeatedly high basal metabolic rates also led 
to a diagnosis of hyperthj roidism previously un 
suspected 

DISCUSSION 

CO, inlialation is apparently entirel> liarmless 
being but a temporary exaggeration of a physio- 
logical stimulant Tlierc is some question as to 
whether the stimulation of respiration is due to a 
direct action of CO on the respiratory center or 
on the carotid sinus Althoi^li anoxemia has 
been proven by Hey-inaus (12) to stimulate res 
piration solely through the chemical receptors m 
tlie carotid sinus CO, probably acts directly ou 
the respiratory center as well as on the carotid 
sinus (13) and such authonties as Haldane and 
Pnestley (14) conclude that the reflex control 
of breathing by clienucal stimulation of the carotid 
nerve endmgs 1ms not been established at any rate 
as regards CO The bnef inhalation of con 
centrated CO, does not appear to have any de 
letenous effect on the arculation Berenesy (15) 
found no cliange m the electrocardiograms of 
dogs dunng short penods of respiration of pure 
CO apart from a transient sinus bradycardia 
which he attributed to a tngeminovagal reflex 
Prolonged respiration of CO, as Grollman (16) 
and otliers liave shown may increase the cardiac 
output significantly 

Transient vertigo frequently occurs which may 
be due either to a sudden nse in intracranial pres 
sure or to the anesthetic action of CO„ as it is 
an anestlictic m high concentration 

Apart from the subjecti\^ dyspnea and vertigo 
there are other sensations produced by CO, inliala 
tion winch afford distinct endpoints Thus there 
IS regularly felt a transient warmtli and fullness 
passing o\er the head and frequently there is a 
visible flush of the face The sensation of w arm th 


and fullness m the head is probably due to a di- 
rect vasodilating action of CO on the cerebral 
blood \cssels This view is supported by an ex 
penment m wlucli oianometnc readings were made 
of spinal fluid pressure during mbalation of CO 
The patient suffered from cardiac decompensation 
due to hyqjertensivc heart disease. The imtial 
spinal fluid pressure wms 24 cm H^O After a 
single deep mlialation of CO, it remained un 
dianged until 17 seconds later when simultaneous 
vnth subjective and objective endpoints the spinal 
fluid pressure rose several cm of H O wnth cacli 
systole to a height of 40 cm at about 40 seconds 
after -which it declined to its ongmal level within 
one minute. With continuous breathing of 30 
per cent CO, the spinal fluid pressure similarly 
began to nse abruptly vnth the subjecti\'e and ob- 
jective endpoints at 17 to 18 seconds and watlun 
1% minutes attained 60 cm H O at which time 
the patient expenenced marked distress and h\ 
perpnea Inhalation of CO, was discontinued at 
tins time and the pressure fell to its initial level of 
24 mm wntlim 2 minutes A control penod of 
voluntary lwq>erpncsi did not significantly alter the 
spinal fluid pressure so that tlie marked nse may 
be attnbuted to the vasodilating action of CO, 
witli increased cerebral blood flow Bouckaert 
and Jourdan (17) Scimudt (18) and several 
other in\estigators lia\"e likewise demonstrated a 
direct ^'asodllaUng action of CO, on, the cerebral 
blood vessels by other methods 

The sbght flush of the face wluch is somehmes 
obsciwed normally is much more stnking m hy- 
perthyroidism In the two cases of hypertliyroid 
ism already referred to there -was an intense flush 
of the face and a sensation of w’amith over the 
entire body followed b\ profuse sweating This 
reaction disappeared m one patient who had a 
thy roidectomy wath tlie return of basal metabolism 
to normal In another patient with cardiac de- 
compensation of uncertam etiology a marked rc 
action of tins sort gave tlic first clue of a 
h^"pe^thy^old state 

SUMMAR-i 

CO, inhalation ma\ be employed clinically to 
estimate arculation time Tlie CO, test measures 

left heart time (lung to respiratory center) 
Its advantages are that it is a physiological rcspira 
tory stimulant it is entirely harmless the effect 
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IS transitor}" , it does not require injection, and it 
may be used repeatedly in the same subject 
The circulation tmie, by tins method, is pro- 
longed in heart disease commensurate with tlie 
degree of left heart failure Normal values range 
from 5 to 10 seconds and correspond closely to the 
expected results according to tlie cj^anide and 
ether times 
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The blood volume in pemiaous anemia has been 
studied repeatedly by a variety of methods and all 
authors have commented upon the eiftremely low 
level of the total volume of arculatmg red cells 
found m the severe stages of this disease There 
IS less unammity of opimon as regards the ab- 
normahty of both the plasma and total blood vol 
time at vanous levels of anemia the relationship 
between the seventy of the disease and the degree 
of hypovolemia and the changes m plasma, red 
cell, and total blood volume that occur dunng the 
course of successful hver therapy Plasma vol 
urae was thought to be normal by Bock (1), 
Denny (2) and Murphy, et al (3) or higher 
than normal Keith (4), Rusynak (5), and De 
Wesselow and Bamforth (6) Denny (2) found 
no relation between the seventy of the anemia and 
the total blood volume level whereas Smith (7) 
noted that the total amount of hemogloHn was 
reduced m proportion to the seventy of the dis 
ease Dunng treatment with hver the total blood 
volume was found to mcrease, due chiefly to a 
great increase m the red celt volume (6) which 
may be three or fourfold (3) The plasma vol- 
ume was found to fall (6) dunng recovery, or in 
cfease (8), or remain fairly constant (3) Hot 
boll (8) could not find any relationship- between 
the observed changes in the total blood volume and 
either the hematoent or hemoglobin content of the 
blood but De Wesselow and Bamforth (6) stated 
that the ‘ increase m percentage of red cell vol- 
ume and hemoglobin estimations gives an accurate 
index of the actual increase in red cell substance 
and hemoglobm durmg treatment " 

I This itedy together with thoie prcnotuly reported 
m a leries of papers entitled ** Clinical Studies of the 
Blood Volnme. I to V ” inclusive, published In the 
Journal of Clinical Investigation, were aided by a grant 
from the Proctor Fund for the Study of Chronic Dif 
eases Harvard Medical School 


It IS evident that the current conception of the 
state of the blood volume dunng the vanous 
phases of pemiaous anemia and the changes that 
take place dunng therapy is confused It, there 
fore seemed worth while to study the problem 
again, employing a dye method for determming 
the plasma and total blood volume in which the 
errors mherent m the techniques employed by the 
authors mentioned above are minunized (9 10) 

MATERIAI, STTOIED 

Six male and 4 female patients, in whom the 
diagnosis of pemiaous anemia was made on the 
Medical Service or in the Blood (Jhmc of the 
Out-Door Department of the Peter Bent Bnghara 
Hospital, were studied before and dunng the 
course of treatment with hver extract All of 
these patioits had hyperchromic anemia, high 
color mdex, gastne achlorhydna, and all expen 
enced a marked nse m thar reticulocyte count 
after treatment with hver extract Imtial blood 
volume studies were made before treatment was 
begun, at mtervals dunng treatment with hver 
extract and, m 8 of the 10 cases, when the red 
blood cell count had reached a level of five mil 
bon Three of these patients were started on a 
single dose of extract’ denved from 600, 500, 
400 and 75 grams of hver (60 50 40 and 7 5 
U SH umts) respectively and 6 on small daily 
doses of concentrated extract the total amount 
given in 10 daily doses being denved from 75 
grams of hver (7 5 U S P umts) m 4 cases and 
100 grams of hver (10 U S P umts) m 2 cases 
Following the imtial treatment, hver extract in 
amounts denved from 50 to 100 grams (5 to 10 

’ Extracts used were Lcdcrlc “ SoltiUon liver Extract 
Parenteral,'* The large single doses svere of a prepara 
Uon cootannng 10 U SJ* units in 3 cc^ the “coocen- 
tratc" extract containing 15 U,SJ* nnits In I cc. of 
material. These extracts are said not to contain iron. 
401 V 
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U S P units) of hver given at intervals of 
from 7 to 12 days until the red count reached 5 
million Liver extract \vas given by mtramuscu- 
lar injection, and m no case was iron given, nor 
was hver given by mouth 

Plasma and total blood volumes and hema- 
tocnts were determmed by metliods previously 
descnbed (10), venous pressures by a direct 
manometnc method (11), arculation time by 
means of dechohn (12), and hemoglobm content 
of venous blood by the method of Osgood and 
Haskins (13) Surface area was taken as the 
basis for the prediction of normal blood volume 
Normal values for hematocnt were taken as 44 
per cent and 40 per cent (14), for red blood cell 
counts as S,4SO,000 and 4,920,000 cells per c mm 
of blood, and for hemoglobin content of venous 
blood as 1603 and 1421 grams per 100 cc of 
whole blood (15), for men and women respec- 
tively Based on the above, normal values were 
computed for mean corpuscular volume as 803 
and 81 3 cubic microns, for mean corpuscular 
hemoglobm as 29 3 and 28 9 micrograms, and for 
mean corpuscular hemoglobin concentration as 
36 5 and 35 5 grams per 100 cc. of packed red cells 
for men and women respectively Total arculat- 
ing hemoglobin was computed by multiplying the 
hemoglobin content m grams per 100 cc. of blood 
by the total blood volume in hundreds of cubic 
centimeters 

RESULTS 

All of these patients made complete recovenes, 
the red blood cell count rising to about 5 million 
in from 40 to 60 days after the beginmng of treat- 
ment Dunng the first 28 days of treatment the 
rate of recovery of individual patients vaned 
somewhat as shown m Figure 1 Dunng the first 
10 days the response of 2 of the 3 patients (Cases 
165, 216, and 283), receiving large imtial doses, 
was more rapid than in those receiving small 
amounts of “ concentrate ” extract daily Case 
218, receiving an unhal single dose of matenal 
denved from 50 grams of hver (7 5 U S P umts), 
had a response comparable to those patients re- 
ceiving divided doses of “concentrate” extract 
The degree of recovery at 28 days, in terms of 
percentage of defiat from normal in red cell count 
existing before therapy, vaned somewhat with the 


total dosage dunng this penod but m general -was 
proportionate to the amount of hver given 

Blood volume 

The data obtained are presented in Table I In 
Figure 2 are shown the absolute plasma, arculat- 
ing red blood cell, and total blood volume at red 
blood cell count levels of from 1 to 5 milhon 
Almost without exception at the imbal determina- 
tion, plasma volume was higher, and arculating 
red cell and total volume were lower than the 
average normal values (14) for men and women 
In every case plasma volume fell and red cell and 
total blood volume rose as the red blood cell count 
mcreased to 5 million under hver therapy 

When recovery was complete, average plasma 
volume had decreased from imtial levels by 473 
cc and 460 cc , average arculating red cell volume 
had increased by 1570 cc and 1065 cc , and aver- 
age total blood volume had increased by 928 cc. 
and 508 cc , m the males and females respectively 
In no mdividual case was any marked deviation 
from the general trend observed The mcrease in 
arculating red cell volume amounted to about 200 
per cent and 150 per cent above the amount pres- 
ent before treatment was started m the males and 
females respectively 

In relation to normal blood volume predicted on 
the basis of surface area there was, at vanous 
levels of anemia, some individual vanation in the 
percentage of deviation from normal m plasma, 
arculating red cell and total blood volume, the 
extremes of this vanation being within about plus 
or mmus 10 per cent of the average values for the 
group, which are shoivn in Figure 3 At a red 
blood cell count level of 1 5 million the plasma vol- 
ume was 30 per cent above, the red cell volume 68 
per cent below, and the total blood volume 16 
per cent below normal Dunng recovery on hver 
therapy the fall m plasma volume and the nse in 
red cell and total blood volume were practically 
m hnear relationship to the mcrease in the red 
blood cell count, and at the time the red blood cell 
count had reached 5 milhon, the plasma, arculat- 
ing red cell, and total blood volume all were within 
normal hmits A similar relationship in the 
changes m plasma, arculating red cell, and total 
blood volume to the increase m the hematocnt 
level was observed 
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Fia 1 The Couiee or the Red Blood Cell Cotnrr ExriEsaED m Tebue or Pescehtaoe or Im 
UAL Deficit Receneeated ik 28 Days m 10 Cases or PEsmaous Ameiua Teeated bv IirraAuascij- 
LAE iNjEcnoKs Or LivES Exteact 

The amount of livtr m U S P units gfren os an Imtial dose and the total given durmg the period 
shown are hated opposite case nmnhcrs at the right The solid lines represent the cases given large sin 
gle Initial doses and the brclccn lines the cases given 10 daily small doses of a concentrate extract 



Plasma, circulating red cell and total blood volume, red cell count and hemoglohm, venous pressure and ctrculalum time in 10 cases of pernicious anemia 
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Fla 2 Absoluti Piasua, CracinATiNa Rid Czll, and Totai. Blood Volume 
IN 10 Cases or Peenicious Anemia duiinc REcovny ok Ikteamuscuiar Lives 
Extract Therapy 

The initial dctemunstions were made joit price to the begnming of treatment 
Normal hmiti arc indicated by the rectangle* at the right of the figure, the upper and 
lower borders representing the average normal volome levels and the right and left 
border* representing the average normal red cell counts for male* and female* re 
epcctively The heavy Imes r epresent average* for the group. A* the red cell count 
rises plasma volume diminishes and circulating red cell and total blood volume in 
crease, all returning to n o r ma l when ibe erythrocyte count reaches 5 millioo. 
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Fig 3 The Percentage Deviation from Predicted Normal Valijes 
IN PiASMA, Circulating Red Cell and Total Blood Volume, and Total 
Circulating Hemoglobin in Severe Pernioous Anemia and during Re- 
covery on Liver Therapy 

The regeneration of hemoglobin is slower than the regeneration of red 

cells 


Hejnoglobm 

Total arculating hemoglobin was extremely low 
dunng the severe stages of anemia, having been, 
on an average, 238 and 202 grams, in contrast to 
average normal amounts of 877 and 540 grams, 
in the males and females respectively After re- 
covery, total arculating hemoglobin had increased 
over imtial levels on an average of 519 grams, or 
about 220 per cent in the males and 411 grams or 
about 200 per cent m the females In terms of 
percentage deviation from normal the course of 
the total arculating hemoglobm bore a bnear re- 
lationship to the increase in red cell count as shown 
m Figure 3, but while the curve of increase in 
total arculating hemoglobm paralleled the corre- 
sponding curve of arculating red cell volume, it 
definitely lagged behind dunng the early and mid- 
dle stages of therapy 


In Table II are shown changes in mean cor- 
puscular volume and hemoglobm, mean corpuscu- 
lar hemoglobin concentration, and in the volume, 
color and saturation indices The averages of 
volume and hemoglobin corpuscular measure- 
ments with reference to the course of the total 
arculatmg red cell volume as the red blood cell 
count rose to 5 milhon cells are shown in Figure 4 

Venous pressure and circulation time 

Venous pressures vaned considerably dunng 
the course of treatment, having a tendency to be 
in the high range of normal dunng the anemic 
stages and to fall slightly with chnical improve- 
ment as shown in Figure 5 However, there 
were considerable mdividual vanations, ranging 
from 30 to 110 mm of water, in imtial determma- 
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TABLE B 

Individual cell ralutiu and ktmaflohn meaaumnenti and 
vciume color and saluratlon indices in 10 casts qf 
permctous anemia 
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Sons of venous pressure, and in the direction and 
degree of changes observed during therapy 

Circulation tune was definitely decreased in the 
anemic stages of the disease as shown m Figure 5, 
and on the average, increased during therapy in 
a hnear relationship to the increase in the red cell 
count, returning to normal when recovery was 
complete. 

DISCUSSION 

In contrast to the conflicting observations re 
ported in the literature the findings herem pre- 
sented exhibit a striking consistency in the degree 
of abnormahty of plasma, red blood cell and total 
blood volume dunng the severe stages of penua- 
ous auerma and m the behavior of the component 
elements of the blood volume both as to absolute 
values and relative changes during recovery on 
hver extract therapy Perniaous anemia is char- 


Bctenied by a hydremic hypovolemia, and the de- 
gree of hydremia and hypovolemia and of reduc- 
tion from normal in the arculating red cell vol 
ume and total hemoglobm is in direct relationship 
to the seventy of the disease as evidenced by the 
levels of the red cell count or hematocnt, and 
hemoglobin 

A somewhat different situation prevails in the 
hypochromic anemias In a group of 31 patients 
with secondary anemias, 9 of whom had an anemia 
due to chronic blood loss, 1 due to acute nephnbs 
3 due to chrome vascular nephntis 9 due to 
chrome glomerular nephntis and 9 due to so-called 
" nephrosis,” the author has found no definite re- 
hbonship between the degree of deviation from 
normal total blood volume and the red blood cell 
count level, about one third of the group havmg 
total blood volumes from 0 to IS per cent above 
and the remainder having total blood volumes 
from 0 to 18 per cent below normal the average 
value for the entire group bemg only slightly be 
low normal. However all of these patients had 
subnormal arculating red blood cell volumes, and. 
In resemblance to the group of patients with per- 
maous aneima herein studied the relationship of 
the percentage deviation from normal arculating 
red cell volume to the red blood cell count was 
such that the slope of the curve of this deviaton 
was the same in both groups It would seem that 
the pabent with permaous anemia, m contrast to 
the pabent with a secondary anemia, has defimte 
limits to the extent to which total blood volume, 
diminished by a reduebon m the arculating red 
cell volume, can be augmented by blood hydrabon 
Other than bang possibly due to chrome dehydra- 
bon, the cause of this difference is not clear and 
ments further invesbgabon 

The marked reduebon m total areulabng hemo 
globm observed by other workers is confirmed by 
this study The pabents m the group studied 
when they first came under medical observabon, 
had on an average only one-third of thar normal 
total areulabng hemoglobin, and yet none of them 
presented symptoms of marked respiratory dis- 
tress A discussion of the " compensatoiyf 
mechamsm by which pabents with permaous 
anerma carry on fairly adequate respiratory func- 
bon la beyond the scope of this paper That the 
effiaency of the lowered oxygen capaaty of tlie 
blood 13 increased is a widely accepted belief The 
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Fig. 4 Chances in the Size and Hemoglobin Content and Concentration of the Individual 
Red Cell, and in the Saturation Index during Recovery from Pernioous Anemia on Liver Ther- 
apy, Shown in Relation to the Increase in the Circulating Red Cell Volume 

The lines represent average values for the group of 10 cases While the individual cell is larger and 
contains more hemoglobin than a normal red cell, the total red cell mass, m comparison to normal, is defi- 
mtely defiaent m hemoglobm, and this defiaency is not fully met until recovery is almost complete. 



Fig S Increase in the Circuiation Time as the Red Cell Count Rises 
The line connecting the black arcles is the average trend of arculation time, that 
connecting the triangles the average trend of venous pressure The changes m venous 
pressure are of no climcal sigmficancc. 
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finding of an increased speed of blood flow in this 
group of patients (see Figure S) is m keepmg 
ivith the observation of Blumgart et al (16) 
Better oxygen utfiizabon as evidenced by an in- 
crease m the artenovenous difiference in oxygen 
content of the blood, has been demonstrated by 
Henderson (17) 

In this senes of cases the sue hemoglobin con 
tent, and concentration of the individual red cell 
and the volume color, and saturation indices are 
m keepmg with those reported in the hteiature. 
Thus Wintrobe ( 18) found an average mean cor 
puscular volume of 116 cubic microns in patients 
with pernicious anemia with erythrocyte counts 
rangmg from 0 59 to 4 03 milbon, m corapanson 
to a normal range of from 70 to 98 cubic microns 
(19), and Haden (20) found the mean corpuscu- 
lar volume m penuaous anemia to range from 108 
to 163 cubic microns These same authors found 
the mean corpuscular hemoglobin to average 39 
and 40 1 nucrograms both values being well above 
normal The volume index has been found to be 
greater than 1 by Capps (21) and Haden (22) 
and color mdex greater than 1 by Goldhamer, 
et al (23) Yet Haden (24) reported an aver- 
age saturation mdex of 052 ra 50 cases, indicating 
that the red cells did not contam their maxunum 
capaaty of hemoglobin and certainly were not 
supersaturated as the color mdex would suggest 

The data illustrated m Figure 4 are of interest 
m this connection Both mean corpuscular vol 
time and hemoglobin are definitely above normal 
m the severe stages of anemia and decrease ap 
proachmg normal as the red cell count nses 
Mean corpuscular hemoglobin concentration is an 
expression of the hemoglobin content of a umt 
mass not of whole blood but of red cells, and this 
value IS deadedly below normal m the severe 
stages approaching normal only after the red cell 
count has reached about 3 million. 

It IS, therefore, apparent that m permaous 
anemia while the individual cell is larger and con 
tains more hemoglobin than a normal red cell the 
total red cell mass m companson to an equal mass 
of normal red cells is definitely defiaent in hemo- 
globin and that on bver therapy alone, this de- 
fiaency is not met until recovery is almost com 
plete It 13 of interest that this failure of the total 
red cell mass to attam its normal complement of 
hemoglobm occurs at a tune, following effective 


bver therapy, when red cells are bei n g rapidly 
regenerated It cannot be entirely accounted for 
by decreases m the mean corpuscular volume and 
hemoglobm, since, as shown in Figure 3 m terms 
of percentage of normal, total hemoglobm is less 
than total circulatmg red cell volume until the 
erythrocyte count reaches normal 

Two explanations of this difference m rate of 
regenerabon of red cells and hemoglobm suggest 
themselves The formabon of hemoglobm may 
be slower than the development of new red cells 
and hence inevitably proceed at a slower rate. 
The bone marrow of permaous anemia is hyper- 
plastic, and it is charactensbc that the erythrocyte 
IS arrested m its development in this disease. The 
effecbve pnnaple of bver is thought to check this 
developmental inhibibon so that a large quanbty 
of dormant cells rapidly mature and are bberated 
early m tlie course of treatment 

Another possibility is that a true iron defiaency 
may exist m the severe stages of the disease, so 
that a real shortage of hemoglobm budding sub 
stances may delay the synthesis of hemoglobm 
Murphy, Lynch, and Howard (25) concluded that 
during a relapse the " iron index ’ (whole blood 
iron divided by the red cell count ra milhons) was 
above normal, approaching normal durrag recov- 
ery Reich and Tiedeniann (26) also found a 
normal iron volume mdex in pernicious anemia 
but regarded this as evidence that iron therapy 
was of no value ra this disease smee " the red cells 
are already saturated with iron ” Moore and 
Doan (27), however clearly showed that the 
plasma iron which they considered to be iron m 
the form most available for hemoglobin synthesis, 
whde normal or above dunng a relapse, fell 
rapidly to subnormal levels on the raibabon of 
bver therapy and remamed low throughout the 
penod of rebculocyte response and until the ery- 
throcyte count had reached between 3 and 4 mil 
bon cells after which it gradually rose. Thus, 
while the red cells present ra the blood dunng a 
relapse probably have a normal complement of 
iron the lowcrmg of the plasma iron accompany- 
ing the tremendous new production of hemoglobm 
dunng treatment is direct evidence of a depletion 
of stored iron m the severe stages of the disease 
It IS possible that the patient ivith permdous 
anemia should receive therapy directed to , 
mg an iron defiat m addition t ^ 
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the effective substance contained in hver Murphy 
(28) has shown that the response of a group of 
patients ivith pemiaous anemia treated with iron 
supplementmg hver extract was definitely better 
than that of a control group receiving hver therapy 
alone 

The immediate increase in reticulocytes char- 
actenstic of hver therapy in pemiaous anemia has 
led to the practice of using the reticulocyte re- 
sponse as a basis for judgmg the potency of any 
_ hver preparation That the height of the nse of 
the reticulocytes vanes with the imtial level of 
red blood cells when liver is given by mouth was 
pointed out by Minot, Cohn, Murphy, and Law- 
son (29) 


Bethell and Goldhamer (30) descnbed a similar 
charactenstic of the reticulocyte response in 39 
patients recaving a single dose of hver extract (an 
amount denved from 100 grams of liver) intra- 
venously In a larger senes of cases given hver 
extract mtraumuscularly at intervals of from 1 to 
7 days, the totaling amount averaging about 1 
U S P umt a day, Isaacs and Fnedman (31) 
confirmed these findings Based on this charac- 
tenstic the Counal on Pharmacy and Chemistry 
of the Amencan Medical Assoaation has adopted 
a standard test curve (32) for evaluating the po- 
tency of hver extracts to be used in the treatment 
of permaous aneima 

In Table III is shown the imtial reticulocyte and 


TABLE ra 

Increases tn the retxcvlocyte and red blood cell counts in 10 patients Jollomng intramuscular liver extract therapy 


Case number 

Total 
amount 
of Uver 
extract 

Ten 

dally 

eqii^ 

doses 

single 

do»e 

■ 

Before 

treat- 

ment 

Dajm after beginning therapy 

m 


3 

m 


6 

n 


9 

10 

1 

165 

units 
50 0 

1 

X 

R* 

■ 

20 

80 

15 0 

29 1 

49 7 

407 

28 3 

14 0 

26 


Ct 

1 7 






BI 

IB 




190 

■ 

X 

1 


10 

B 


20 

1 6 

1 2 

28 

92 

10 6 

44 

32 


23 

■ 

^B 


25 





30 


191 

1 

1 

■ 

X 


R 


56 

48 

58 

54 

60 

10 4 

15 5 

14 0 

15 6 

10 4 


1 2 

m 

■ 





1 8 



19 

216 

600 

1 

fl 


1 8 

B 

26 , 

1 6 

16 0 

17 0 

24 5 

24 1 

12 2 

11 2 

96 


1 0 




1 1 

1 


BI 

B 

B 

24 

218 

75 

1 

X 

R 

28 

28 

62 

64 

13 8 

18 2 

210 

14 6 

B 

B 


C 

1 3 




1 6 

B 

! 

1 7 

B 

B 


250 

75 

X 

■ 

R 

1 2 

1 2 

1 6 

22 

44 

B 

86 

12 0 

16 0 

18 6 

94 

C 

1 6 



■ 

1 7 

B 



1 8 

1 8 


271 

75 

1 

■ 

R 

20 

33 

28 

B 

40 

1 60 

84 

10 6 

17 8 

10 2 

87 

c 

1 6 



Bi 

1 9 




gi 

20 

25 

283 

1 40 0 

■ 

1 ^ 

R 

04 

04 

07 

12 6 

30 4 

36 2 

26 8 

33 0 

B 



C 

1 1 

B 






2 0 

B 



329 

10 0 


1 

R 

1 8 

B 

3 1 

45 

61 

13 1 

230 

33 0 

26 9 

21 9 

22 0 

c 

10 

imiiii 




IHfli 

a 


1 5 



332 

10 0 

X 

1 

1 

R 

03 

04 

06 

1 6 

20 

45 


12 7 

28 0 

27 0 

29 6 


m 






B 


23 




• ReticulcMWte count m per cent of red blood cell count 
t Red blood cell count m nuUions per c mm 
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red blood cell counts and the course of these de- 
temunations dunng the first 10 days of treatment 
m the patients m this senes mth reference to the 
number of U S P umts administered and the 
size and frequency of dosage given In Figure 6 
the reticulocyte level at the time of the maximum 
response is shown in companson to the expected 
maximum based on the standard test curve of the 
American Medical Association and in addition to 
the absolute mcrease in red cell count, and the 
percentage of the defiat m red blood cell count, 
total drculatmg hemoglobm, and arculating red 
blood cell volume present at the beginning of 
therapy regenerated m 10 days 
In the 6 cases given small daily doses the re- 
ticulocyte response was sabsfactory In all but 
Cases 191 and 329 and yet the production of new 
cells and hemoglobm after 10 days of treatment 
m these cases was above the average of the entire 
group, and on contmued treatment for 28 days 
with the same extract mitlally used (see Figure 
1 ) the red cell count was definitely above the aver- 
age for the entire group 
On the other hand in Cases 250 and 271 new 
production of red cells and hemoglobm was defi- 
rutely below average both at the 10 and 28-day 
penods in spite of a reticulocyte response that was 
well up to standard test reqmrements 

Thus m 4 of the 6 cases receiving 10 daily doses 
the conformance of the reticulocyte count to the 
standard test curve bore no constant relationship 
to the regeneration of blood either during the 
reticulocyte nse or during a subsequent period of 
about 3 weeks thereafter 
A companson of the 4 cases given large single 
doses as mitial treatment is of interest In all 
these cases the reticulocyte response was prompt 
and while it cannot be directly referred to the 
standard test curve (mitial red cell counts being 
considered) was on the whole higher than that of 
the group recaving 10 daily divided doses (see 
Table III) Yet the production of red cells and 
hemoglobm m terms of defiat regenerated was 
below average at 10 days m Cases 216 and 283, 
and about average m Cases 165 and 218 Eigh- 
teen days later, during which interval further 
large doses were given to 3 cases (Cases 265 216 
and 283), the mcrease m red cells was only a httle 
better than the average of the group recaving 
divided doses 


It would appear from tlie data presented that 
the rebculocyte response experienced by these pa- 
bents did not bear a constant relabonship to the 
degree of improvement m their blood as a whole 
other during the phase of reticulocyte acbvity or 
subsequent thereto It should also be stated that 
the rebculocyte response is transient and cannot 
serve as an index of the therapeubc effeebveness 
of a hver preparation throughout the enbre course 
of recovery or dunng maintenance therapy 

The staking linear relabonship of the red blood 
cell count and heraatoent to the percentage of 
normal arculabng red blood cell volume and total 
hemoglobin respeebvely observed m tbis study in- 
dicates that, for purposes of following the climcal 
course of the pabent, the red cell count or hema- 
toent are good indicators of the degree of return 
to normal levels of the arculating red cell volume, 
and the hemoglobm determinabon is a good in 
dlcator of the degree of the return to normal of 
the total hemoglobm content of the blood It is 
suggested that a useful mterpretabon of increases 
in red cell count and hemoglobin is in terms of the 
percentage of the defiat exisbng before the be 
ginning of treatment regenerated 

These findings perhaps suggest the wisdom of 
evaluabng the potency of a hver preparabon upon 
the course of red cell count and hemoglobin dur- 
mg the enbre penod of recovery, m addibon to the 
conformance of the transient reticulocyte nse to 
a standard test curve. 

CONCLDSrONS 

1 Permaous anemia is cbaractenzed by a by 
dremic hypovolemia m the severe stages In the 
group of 10 cases studied the average plasma vol 
ume was 30 per cent above, arculabng red blood 
cell volume 68 per cent below, total blood volume 
14 per cent below and total hemoglobin 70 per 
cent below normal at a red blood cell level of 1 5 
railhon 

2 Under treatment with a potent hver extract, 
plasma arculating red blood cell, total blood vol- 
ume, and total arculating hemoglobin returned to 
withm normal limits when the red cell count 
reached normal, and these blood components 
changed m a hnear relationship to the change in 
the red cell count and hematoent 

3 In the severe stages of anemia, although the 

individual red cells were lai than ~ 
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Case No 



CZIAMA lesflng requirement 

Reticulocyte response ■■Count at peak of rise on day 

shown in circle 


10 75 10 75 75 75 60 40 50 75 

Amount of Liver Extract given —DSP Unite 




Percentage of deficit regeneroted 
in 10 days 


[=>Red blood cell count 
ESTotol hemoglobin 
HRed blood cell volume 


Fig 6 Recekeeation of Blood Foluowing Intramuscular Liver Therapy 


Cases given 10 daily doses of concentrate are grouped at the left of the chart, those given 
single large doses at the nght The relationship of the conformance of the reUculocyte maxi- 
mum to the regeneration of the blood as a whole in terms of the percentage of the deficit in 
red cells and hemoglobm present at the beginrang of therapy regenerated m 10 days is discussed 
in the text. 
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contained more hemoglobin than a normal cell, the 
hemoglobm content of a imit mass of red cells -was 
less than that of an equal unit mass of normal 
red cells There is m pemiaous anemia, a rela 
trve as well m absolute defiaency in hemoglobin* 

4 In the cases studied, the magmtude of the 
reticulocyte response following treatment with a 
potent extract bore no constant relation to the con 
comitant or subsequent improvement m the blood 
in terms of the percentage of regeneration of the 
defiat in arculatmg red cell volume or total hemo 
globin It is suggested that the present practice 
of evaluating the potency of any liver preparabon 
on the basis of the conformance of the reticulocyte 
response to a standard test curve might well be 
supplemented by consideration of the course of 
the red blood cell count and hemoglobm over the 
entire period of recovery 

The author wishei to thank Dr WHIIam P Murphy 
for his interest and encouragement In tHa study and 
Mus I&obel Howard for her painstaking technical 
assistance. 
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It has been generally mferred that the achlor- 
hydna and marked gastnc hyposecretmn, which 
almost mvanably accompany pendaous anemia, 
are tlie result of a marked atrophy of the gastnc 
mucosa, the latter change being a part of the 
classical mamfestations of the disease. Achlor- 
hydna of course is not pathognomomc of any spe- 
cific condibon but is observed accompanying a va- 
nety of local and systemic diseases, is observed 
not infrequently in old age and in young and 
middle aged subjects presentmg no other apparent 
abnormalities The question of achlorhydria Is 
directly associated with the question of the mecha- 
msm of free aad secretion m normal gastnc juice. 
No adequate explanation of this latter medianism 
has as yet been made. The commonly accepted 
theory is that HQ is secreted by the gastric gland 
cells (panetal cells) in some combined form and 
that It IS not hberated as free HQ until it reaches 
the foveolae of the glands The manner of this 
hberation is hkewise not understood Thus, sev- 
eral possibilities exist to explam any given m- 
stance of achlorhydna There may be a con- 
gemtal defect in the secretory mechanism of the 
panetal cells an atrophy of the fundic glands due 
to age, or to a vanety of pathological conditions 
or there may be some disturbance in the raecha- 
msm for hberation of the bound HQ m the 
foveolae. 

A normal physiological mechamsm for the in 
hibibon of gastnc secrebon has been known for 
many years starting with the observabon that a 
fatty meal inhibited such secrebon as well as gas 

' These observations are Incidental to an investigation 
on the effects of extracts of human gastric cancer on 
the gastnc secretion m dogs which is bemg earned out 
under grants from the International Cancer Research 
Foundaboii, PhiladclphJa Pennsylvania, and the National 
Advisory Council on Cancer of the U S Pnbhc Health 
Service, Washmgton, D C 

sResiarch Assistant, International Cancer Research 
Foundation Fund. 


tnc mobhty This quesbon was studied m greater 
detail recently by Ivy and his associates (1) 
Kosaka and Lim (2) m 1930 showed that this m- 
hibihon was accomphshed by the produebon of 
a hormone (chalone) m the mucosa of the upper 
small bowel when this was m contact with fat 
(olive oil) This hormone, which they call “ en 
terogastrone,' when mjected mtravenously in 
dogs mduces a marked inhibition of gastnc secre- 
bon both as to volume and aad content 

The jiossibility that achlorhytlna m permaous 
anemia might be m some way associated with a 
factor other than simple atrophy of the gastnc 
mucosa does not seem to have been previously m 
vesbgated It may be that some substance is 
formed inadent to the development of the dis- 
ease, which, aebng at least in the foveolar portions 
of the gastnc glands or upon the panetal cells 
themselves leads to mhibibon of secretion of HQ 
and its liberabon as free HQ, but this possibihty 
apparently has not received attenbon In order 
to investigate this quesbon it was deaded to mject 
gastnc juice from permdous aneima pabents m- 
travenously Into dogs with gastnc pouches and 
to observe whether any inhibitory acbon would 
result ufion the secrebon from the pouches stimu- 
lated by feeding the animals 

No previous observabous have been found in 
the hterature upon the effects of gastnc jmee it- 
self upon gastnc secrebon when the former was 
injected mtravenously Such a study, as regards 
the stomach at least, would appear justifiable on 
the pnnaple that one method of studying the 
pathological physiology of a secreting tissue is 
to observe the properties of its fiathological 
secretions. 

METHODS 

Subtotal gastnc pouches were made m some 
dogs by umhng the lower one half of the pylorus 
to the cardiac portion wth closure 6f the isolated 
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central portion and cannulation of it with a 
Dragstedt gold plated cannula which was brought 
through a stab wound in the abdominal wall 
Most of the nerves and arteries to such pouches 
were preserved In others, Heidenhain pouches 
were made and cannulated as just described Se- 
cretion from the cannula was collected in glass 
Soxlet flasks attached about the body of the animal 
by cords (See Figure 1) 




Fig 1 Showing Method of CoiiEcnoN of Gastric 

Juice from Dog with Subtotal Gastric Pouch 

Above, schematic diagram of operation for making 
gastric pouch. The mid-portion of the stomach is iso- 
lated but nerves and vessels to this portion are kept in- 
tact. The cardia is anastomosed to the lower one-half 
to one-third of the pylorus by 2 rows of continuous 
sutures The pouch is cannulated through a stab wound 
m the anterior abdommal wall 

The wnters are aware of the cntiasms which 
might be made concerning the secretory activity 
of gastnc pouches, espeaally of the size of the 
Heidenhain pouch, namely, that such pouches may 
not always secrete when the stomach itself is ac- 
tively secreting In the following expenments no 
dog was employed in whom adequate control ex- 
penments had not been performed to demonstrate 


the reliability of the secretory mechanism of the 
pouch when the animals were fed 
In this senes of expenments interest was cen- 
tered upon factors inhibiting gastnc secretion 
Thus at the beginnmg of the experiment the dogs 
were fed (forcefully if necessaiy) cooked and 
raw meat, or lung stew and were permitted free 
movement upon a large table with access to hm- 
ited quantities of water When active secretion 
was estabhshed m 30 to 60 minutes, the human 
gastnc juice to be tested (previously neutralized 
with 1/10 N NaOH if necessary) was injected 
intravenously m an extremity and the effect noted 
upon the pouch secretion The pouch jmce was 
collected at 10-minute intervals and titrated with 
Toepfer’s reagent and phenolphthalein for free 
and combined aad, the results being expressed m 
“ climcal umts ” One feedmg, ue , a mass of 
food totallmg approximately 6 to 8 cm in di- 
ameter given in smaller boh was sufficient to in- 
sure active secretion for over an hour in most 
dogs However, to insure adequate stimulation, 
espeaally where the expenments were cntical, 
voluntary or forced feedmgs were given at 20 to 
40-minute mtervals throughout the experiment 
Control expermients showed that once active se- 
cretion was estabhshed vomiting of all food taken 
did not result m a sudden arrest of secretion from 
the pouch but that this often contmued for ap- 
proximately one hour or more if the animal was 
not refed In cntical expenments, however, the 
ammal was refed from 5 to 10 minutes after any 
vomiting to insure continued food stimulation of 
the stomach. 

The gastnc juices were obtamed by tube aspira- 
tions from patients who had received subcutane- 
ous injections of histamine, accordmg to the usual 
technique of a histaimne test for gastnc secretion 
After centnfugation they were neutralized with 
1/10 N NaOH when necessary, the added volume 
being taken mto consideration when injections 
were made in the animals These injections were 
arbitrarily fixed at 1 cc of gastnc juice per kilo- 
gram of the animals’ weight When possible, 
juices were injected within a few hours after re- 
covery, otherwise they were kept on ice 

The patients with pernicious anemia were from 
the Hematology Qinic of tlie Department of 
Mediane and were clinically and hematologically 
typical of permaous anemia. Hemoglobin deter- 
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minations were made by the Newcomer hemo- 
globmometer, and blood counts and ceU volumes by 
the standard methods All cases showed a macro- 
cytic hyperchromic anemia when first seen. 
Routine gastro-mtestinal x rays were made m all 
cases to rule out other gastro-mtestinal diseases. 
Histamme testa of gastnc secretion showed no 
free HQ on vanous occasions Reticulocyte re- 
sponse to hver therapy was prompt The control 
patients were from the vanous hospital services, 
all being suffiaently ill to have been hospitalized 
(i e the control group was not made up of normal 
mdividuals) 

RESULTS 

A Prehminary control expenments, 12 in num- 
ber, were performed m which the neutralized gas 
tnc juice from the pouch of a dog fed lean meat 
was injected intravenously into that dog No ef- 
fects were observed upon secretion from the 
pouch stimulated by feeding Simdar negative 
results were obtamed by injection of neutralized 
gastnc juice from other dogs pouches 

The effect of temperature In 1932 Vaiuant 
and Snell (3) observed inhibition of gastnc secre 
tion m dogs whose temperature was suddenly ele- 
vated by mjection of bactenal protein It was 
observed by us that a rise m temperature over 30 
nunutes to 1 or 2 hours to above 40 3° C (rectal) 
resulted m a rather sudden and marked depression 
in secretion of gastnc jmee and an achlorhydria. 
Thus rectal temperature readmgs were taken at 
mtervals of 10 to 30 minutes throughout the ex- 
penments and when they rose above 40.5° to 40 6° 
the experiment was not accepted The animals 
were then ‘ vacanated ’ by repeated daUy mjec- 
tions against the fever produang elements in the 
jmce. After some time some of the animals be- 
came ‘ temperature resistant and continued to se 
Crete and juice in adequate quantities while having 
temperatures as high as 42° C Obviously, once 
such a temperature resistance developed as shown 
by control expenments results observed dunng 
any temperatures up to this point were considered 
vahd m these ammals 

In the hterature on exjienmental studies of sub- 
stances inhibiting gastnc secretion no attention 
seems to have been paid to sudden nses m tern 
perature due to such mjections 


B The ntravenous injection of achlorhydnc 
gastnc juite from patients with permaous anemia 
The results observed upon stimulated pouch 
secretions are given m Table I and Figure 2 The 
result recorded opposite the abbreviated name of 
the animal employed mdicates one acceptable ex- 
penment. 

The secretory inhibition was mamfested m most 
of the positive expenments after a latent penod 
of 20 to 60 nunutes following injection, but m 
some cases it was as long as 90 to 120 minutes 
Cases 1 to 5 mclusive were of long standing and 
had had blood counts that were normal or above 
normal, with slight lapses durmg intercurrent m- 
fections, for a number of years. 

TABLE I 


Summary of exporimtnts with eatinc fuice from pahenU 
wtth ptnttaous arurnia 


PMlnt tad 
hittofy number 

mnm free 
HQ la 
Cfttlllc 
Trice 
HUta 
minttett 

[nhrUtloB of 
Kcretloci Crooi 
ftfmolttctl pooeb * 1 

Effect of Irice 
boiled foe 

10 nfzratet 


0 

DogTrii -I- + -I-I- 
Nsp +-H-+ 

Dog Nap — 

2. Sira 
(231S4) 

0 

Bud -(• + + + 

End - 

3 Tbom 
(78289) 

0 

Trlx +-1-1-1- 
Trlx - 
Kg +-(-i- 
Nap + 


4 Mol 
03220?) 

0 

Kg -h-f-l- 

Kg- 

5 Pff 
(128721) 

0 

+-I-+ 

+4-1- 

+++ 

+++ 

fSCQOS 

Bud- 

6 SaL 
(203092) 

0 

1 

Kg - 
Fid ++++ 
May + 

May - 
1 Nap - 


7 Gre, 
(195942) 

0 

i++i + 
++ + 
+ + 
+ 

May— 

8 Hftns 

(198755) 

0 

Mon — 

Mon. — 


9 Tub 
(206430) 

0 

Kg ++++ 
Nap ++ 

Kg- 

10 Coni 
(196359) 

0 

Mon +++ 
Nap — 

1 Sam. +++ + 

Mon — 
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TABLE I — Conttnued 


Patient and 
history number 

Mari- 
mum free 
HCliu 
gastric 
iulcc 
Hlsta 

1 mine test 

] 

Inhibition of 1 

secretion from | 

stimulated pouch ♦ ^ 

Effect of juice 
boUed lor 

10 minutes 

11 Litt 
(200796) 

1 

0 

Fid -1--1--1-+ 
Kg +++ + 


12 Hurb 
(20331) 

i ° 

Kg - 
May — 

Maz — 


13 Lars 
(205015) 

0 

Kg - 
Nap -f 


14 Gold 
(205946) 

0 

Nap — 

Nap -f 

Nap -1-+-1- + 
Nap -f(?) 

Nap — 

IS Dalt 

0 

Heavy 

Sam + 

Heavy -j — h-j--!- 


16 Dannen 

0 

Sam -h-l-+-l- 

Sam — 

17 Schieff 

0 

Heavy -J-H — b-f 
Heavy -b -b -j- 
Sam — 


.8 Hathaway 

1 

0 

Spoof -J- -f- -f- 
Heavy 4’+ 



t Patient also had carcinoma of the stomach 

= No effect on secretion of stimulated pouch 
+ = Marked reduction in volume of secretion per 
10-mmute pienod to 4 drops or less for at least 
2 such periods and with persistence of free 
acid or reduction in free acid titer to 25 or less 
clmical units providing the secreted juice ex- 
hibited at least 60 or 70 dmical units before 
injection 

-p-h = Reduction in volume of secretion with actual 
achlorhydna for at least 10 minutes but not 
more than 30 minutes 

-(-+-1- = Reduction in volume of secretion with actual 
achlorhydna for 30 to 60 minutes 
-P-p-f-f = Reduction in volume of secretion with actual 
achlorhydna for 60 minutes or longer 

Cases 6 to 11 inclusive had had several years of 
irregular therapy before being seen in this chnic, 
and when gastric juices were aspirated for these 
expenments the red cell counts were low Case 
11 also had a small caranoma of the pylorus which 
Avas resected 

Cases 12 to 14 inclusive were admitted to the 
hospital -with very low counts and had had no 
previous liver therapy Case 13 secreted very 
little juice in spite of histamine injection The 
negative response observed in Dog Kg was ob- 
tained when the patient was stdl very weak and 
yielded only enough jmce to equal 80 per cent 
(3 5 cc ) of the r^ular dose for the dog The 


one plus result observed in Dog Nap was obtained 
some time later when the patient had improved 
chmcally but was still unable to yield more than 
7 5 cc. (about half the necessary dose for this 
dog) of jmce dunng 80 minutes following hista- 
nune injection A third attempt after further 
climcal improvement yielded only 1 cc of gastnc 
juice, insufficient for an expenment Case 14 
was also very weak on admission and the first 
aspiration, obtained with difficulty, gave the nega- 
tive result The subsequent aspirations which 
gave positive results were made when there had 
been improvement in the blood and general condi- 
tion 

Case 15 had a walnut-sized bemgn papilloma of 
the stomach which was successfully exased 

Case 16 had had a radical gastrectomy 5 years 
previously for caranoma and when seen at the 
time of this expenment had typical pemiaous 
anemia without evidence of recurrent caranoma. 

Case 18 also presented hyperthyroidism which 
Avas successfully treated by operation 

It is to be noted that the dogs vary widely in 
the quantity of secrebon produced by the pouch 
depending upon its size and size of the dog Also, 
dogs vary in their response to factors depressmg 
secretion, some " weak secretors ” responded 
markedly to the depressing factor, other “ strong 
secretors ” were not as easily rendered achlor- 
hydnc, and when this did develop it vras relatively 
less prolonged Furthermore, the dogs may be 
strong secretors on some days and weaker seae- 
tors on other days These charactenstics became 
evident during a number of expenments upon each 
dog Marked vanations m volume of secretion 
such as a drop from 3 cc or more to 0 4 or 0 5 
cc per 10-minute penod following injection were 
Ignored Furthermore, vanations in the titer of 
free aad of the order of 50 or 60 or more clinical 
umts were also ignored where such titers did not 
fall below 30 umts (For example, a transitory 
drop m titer of free aad from 120 to 40 or 50 
after injection of a permaous anemia gastnc 
juice ^vas still considered a negative response ) 

An endeavor was made to obtain more than one 
acceptable expenment with each sample. How- 
ever, this was not always possible as much of a 
sample might be used in expenments that could 
not be accepted because the achlorhydna was ac- 
compamed by hyperthermia, and so additional 
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Fia Z CoNDtNKED Gbaphs to Show Effects of Injxctioh of Gasthc JmcES fbom Patiznts with 
pEBKiaoos AjmtiA on SecarnoNS Ftou Stiuulattd Gastoc Pouchis im Docs 
I A one plus result, the volume ot secreU oo u reduced to 02 cc. 3 and 3 drops respectiv el jr for 
cacb of 3 lO^mumtc periods. Free add always present 

n A two plus reaction, reducUon in volume of iccretjon with achlorhydria for 30 rranutes. 
in A three plus reaction achlorhydria for 40 minutes with redi«tlon in Tolmne of secre t ion, 
rV A four plot tcactioo, achlorhydrta for 70 minutes with reduction in volume of secretion, 

V A negative response in a coctrol experiment m which neutraUied gastric jmee from a patient 
with peptic ulcer was Injected. 


quantities of the sample bad to be employed for 
immunization of the dog by repeated small in- 
jections against the fever producing substances m 
the juice. 

While it was impracbcal to carry out all positive 
and negative experiments m the permaous anemia 
and in the control group m each dog all of the 
dogs in the permaous anemia group of expen- 
ments were also employed in several of the control 
expenments 


Boiling the juices for 10 muiutcs inactivated the 
gastnc secretory depressant if the latter was pres- 
ent m the unboiled sample 

C Control experiments with human gastnc 
juice. Gastnc juices from 34 patients not suffer- 
ing from permaous anemia or mabgnant neoplasm 
were also obtained according to the usual pro- 
cedure for the histamme test for gastric secretion 
and these were mjected (after neutralization if 
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necessary) into the dogs as controls f 
penments m Group B The results 
manzed m Table II In 6 out of 34 in 
hibition of pouch secretion was noted (C 
19, 26, 30, 32) and, as in the previous 
cept for one instance, boiling these ‘ 
samples resulted in madavation of thf 
inhibitor Fourteen of the control grc 
achlorhydnc gastnc jmces following hi: 
jection and, of these, 2 samples afford 
expenments Cases 27 and 28 wen 
achlorhydnas having been produced 
previously by radiation of the stomach 
in the treatment of peptic ulcer 

DlSCtJSSrON 

Samples of gastnc juices from 16 of 
with permaous anemia, 89 per cent of tl 

TABLE u 

Gastnc jutces vnth normal or ktgh actd from 
presenitng malignant neoplasms or pemutot 

or the ex- table n—Conhnued 

are sum- 

stances in- 
^es 1, 13, 
group, ex- 

j 

Diagnosis 

MmI- 
1 mum 
' free 
acid 

1 (hista 
mine) 

1 

Dog and reeult 

1 

Boiled 

‘ positive ” 17 Do Chat 

Pancreatitis 

66 

1 Dan — 

Bust — 


18. Furman 

Peptic ulcer 

70 

Heavy — 


19 Booga 

itarmne in- 

Cholecystitis 

76 

Droopy — 

Spool — 

La. + 


~ 20 Barry 

Cholecystitis 

16 

Jok - 


21 Fori 

Cholecystitis 

0 

Monk - 


22. Reap. 

Senility 

0 

Kg. - 


•' 23 03 

Osteoporods 

0 

Kg. - 


24 rinaL 

Chronk nephritis 

0 

Nap — 

Kg. - 


26 Bhoda 

Peptic ulcer 

0 

1 

Kg. - 1 

Nap — 


18 patients 2«- cud. 

Peptic ulcer 

1 

0 

Mln + 

Min ~}*4* 

May — 

ae samples, ^ ^ 

X-ray achlorhydria 1 

0 1 

Sk 


28. Bath 

X-ray achlorhydria 

0 

Mont — 


29 Qeath. 

paltenls not 
xs anemia 

ChoIecysUtis 

1 

0 

Eva — 

Heavy — 

Dan — 



Oirbosis 

0 

Dan +4’ 
Heavy ++++ 

Dan — 

Patient 

Dia^ools 

1 Maxl^ 

1 mum 

1 free 
add 

1 (t^rta 

1 mine) 

Dog and resoU 


31 EhosU 

Boiled 

Peptiouleor 

0 

1 1 


32. Debris 

1 

CSrrhoidfl 

0 

Heavy — 

Dan 4* 


1 K 

Aoote ceUofitla of 
legs 

80 

Trb . 1 — 1 - 4 . 4 - 
Bud ++++ 
Fid. ++++ 

Trix 33 Iawi 

HyperthyrohSsm 

s 

Burt — 


84. OBd 

Neuritis 

B 

Heavy — 


2. Feh. 

MUUrjt tobercoloda 

76 

1 Min — 

Trix - 


jected intravenously in dogs with stimu- 
tne pouches resulted in marked inhibition 
h secretion and achlorhydna Gastnc 
om 6 of 34 patients, 18 per cent of the 
not suffenng from permaous anemia or 
it neoplasms produced similar effects 
le inadence of gastnc secretory depres- 
luch greater in the former than the latter 
ther possibihties must be considered he- 
lming that it IS due to a factor preponder- 
irmaous anemia gastnc juice 
f the patient No correlation between the 
he patient and depressing effects of the 
gastnc juice was possible 
rratiire The effect of temperature upon 
lecretion m the dogs has been discussed 
id ruled out as a causative factor in the 
expenments obtained from injection of 
luce from control or permaous anemia 

3. Tbomp. 

Hypertroi^ ga»> 
tntis 

46 

Pi 

1 1 

when in 

4. OjaL 

Peptic ulcer 

40 

' Nap — 

1 Nap — 

of pouc 

5 8 tQ(L 

1 Peptic ulcer 

70 

Tr - 

juices fr 

6 . Gorm, 

Peptic ulcer 

M 

jTr - 

samples. 

7 Bur 

Peptic ulcer 

40 

Min. — 

mahgnar 

8 . Worth. 

Peptic ulcer 

so 

Kg. - 

While tl 

0 Wolff 

Peptie ulcer 

100 

Nap — 

Nap — 

Sion IS n 

10 Bercit. 

Peptw ulcer 

es 

Nap — 

Kg. - 

fore assi 

11 Savage 

Tubercular lymph- 
adenitii 

20 

Nap — 

ant m pe 

12. Fetter 

Secondary anemia 

76 

Nap — 


13. CDelL 

Cholecyititis 

2 d specimen 

80 

30 

Heavy ++++ 
Eva — 

Dan — 

Heavy -H- 

Heaar . 

injected 

Tempt 

14. Benetpa 

Luea 

M 

1 

1 

ow 

1 1 

gastnc E 

15 Shohnan. 

Hypothyroidism 

76 

Heavy — 

Bust. — 

positive 

It. Johioon 

Qiolecystltis 

00 

Heavy — 

Dan — 

gastnc j 
patients 
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Blood pressure It is conceivable that a marked 
splanchnic vasodilation would result first m a 
stimulation ol gastric secretion and then if this 
persisted a reduction in secretion Experiments 
were performed upon anesthetned dogs whose 
earotid artenes were cannulated to a manometer 
and blood pressure variations observed folbwing 
mtravenous injection of ' positive” pernicious 
anemia juices sabva from permaous anemia pa- 
tients and control human gastric juices A wide 
variation in efllects upon blood pressure occurred, 
but It was clearly shown that the permaous anemia 
gastnc juices wluch produced marked inhibition 
of gastnc secretion m dogs with gastnc pouches 
did not produce sigmficant blood pressure changes 
Carbon dwxtde coinbtmng power of the blood 
According to Browne and Vineberg (4) when the 
earbon dioxide combining poner of the blood of 
dogs falls to 30 volumes per cent or less, gastnc 
secretion is inhibited In two dogs dunng achlor- 
hydne penods resulting from injection of gastnc 
juice from permaous anemia patients, samples of 
blood withdrawn showed no reduction in CO, 
combimng power When blood was withdrawn 
from dogs showing achlorhydna due to mjection 
of enterogastrone (see below) the CO, combimng 
power was found not to be lowered when com 
pared with samples withdrawn before the injection 
when aad juice was bemg secreted by the pouch 
So/a‘ 0 . Saliva was collected from 5 of the pa- 
tients with permaous anemia whose gastnc jmces 
were tested above, by havmg them chew paraffin 
and expectorate into receptacles Each of the 
samples was mjected intravenously into a dog 
under the same conditions as in the mjechon of 
gastnc jmee a total of 7 expenments bang per- 
formed In no instance was an achlorhydna pro- 
duced In 2 expenments the pouch secretion vol 
ume fell to 3 drops for one 10-minute penod, 
80 minutes after injection 

Enterogastrone As stated above Ivy and 
Gray (1) and Kosaka and Ltm (2) showed that 
intravenous injection of extracts of duodenal mu- 
cosae that have been m contact with fat depress 
gastnc secretion in the dog The faaor, a 
chalone, responsible for this has been called en 
terogastrone. As far as the waters have been 
able to determine, no investigations have been 
previously reported m which gastnc juice was ex- 
aimned for enterogastrone In two expenments, 


the injection of an achlorhydnc dog s pouch jmee 
into other dogs failed to suppress secretion. The 
achlorhydnc juice m these instances was obtamed 
m one case as a result of mduced hyperthermia 
and in the other it was obtained from a pouch 
which did not secrete aad although the dog was 
led lean meat In other dogs with achlorhydna 
due to injection of enterogastrone, insuffiaent 
quantities of the achlorhydnc juice were obtained 
to perform mjections in doses similar to those em 
ployed in the expenments with human juice. In 
a further attempt to obtam pouch juice that might 
contain a depressant, dogs were fed a small piece 
of lean meat and then at 10 to 20-mmute intervals 
they were fed raw and warmed suet, some of 
which was also tnturated with obve oil In this 
manner the gastne and duodenal mucosa were 
brought into contact with fat and conditions made 
favorable for generation of enterogastrone XJn 
der these conditions the pouch secretions were less 
m volume than if the dogs had been fed lean meat. 
However, marked reduction m free aad titer of 
the juices was not regularly observed Commenc 
ing one hour after the beginmng of the fat feed- 
ings the samples of juice obtamed dunng the next 
2 to 3 hours were pooled, neutralmed, and rem 
jected the followmg day into the dogs which, how- 
ever, were now fed lean meat. Of 10 such expen- 
ments 8 were negative, 1 was considered a -(- 
experiment and 1 a -j— )- result. Companng 
these results with the 12 negative control expen- 
ments of Group A, it was eoncluded that under 
the conditions of the expenments enterogastrone 
generated m a physiological manner might appear 
only m occasional instances in suffiaent concen- 
tration m dogs gastnc jmee to suppress gastnc 
pouch secretion when the juice is injected m doses 
of 1 cc of the ' enterogastrone juice ” per kilo- 
gram waght of the animal 

The question then ansmg is whether the gastric 
secretory depressant observed in the expenments 
with human juice might not be due to an abnorm- 
ally jlarge amount of enterogastrone Against 
such an explanation is the fact that in the pa- 
tients the gastnc jmee was coUerted in the mom 
mg after several hours starvation and upon 
histamine stimulation, and thus there was no op- 
portumty for recent or prolonged eontact of the 
duodenal mucosa with fat This would favor the 
view that the secretory depressant in human gas- 
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tnc juices might be some factor other than entero- 
gastrone, although of similar physiological action 
On the other hand, the inadence of positive ex- 
penments among the controls is, in our opimon, 
too high to consider merely as “ false positives " 
and -would suggest that the gastnc secretory de- 
pressant found apparently m relatively high con- 
centration m permaous anemia juice represents 
a marked increase of a factor that may be norm- 
ally present m relatively low concentrations (en- 
terogastrone?) m samples of gastnc jmce from 
patients not ha-ving permaous anemia The dif- 
ferentiation of enterogastrone from other possi- 
ble secretory depressants in gastnc juice -will be 
dealt with in a subsequent pubh cation Further- 
more, studies similar to tliose earned out above 
but -with achlorhydnc juices obtained from pa- 
tients -with gastnc caranoma and mahgnant neo- 
plasms outside the stomach will also be reported 

SUMMARY 

The gastnc juices from 16 of 18 patients with 
cmiaous anemia and achlorhydna, when injected 
I a ously into dogs -with gastnc pouches, the 
secretion of which had been stimulated by feed- 
ing, resulted m a transitory marked depression 


of the pouch secretion and aclilorhydna (89 per 
cent of the samples) The injection of gastnc 
juices from 34 hospitalized patients not having 
permaous anemia or malignant neoplasms yielded 
similar gastnc secretory inhibition in 6 instances 
(18 per cent of the samples) The secretory 
depressant effect of a sample of human gastnc 
jmee was abolished by boihng for 10 minutes 
The hypothesis that achlorhydna, m permaous 
anemia at least, is assoaated with the presence of 
some gastnc secretory inhibitor or to some pro- 
found distortion of normal hormonal control of 
gastnc function is discussed 
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SULFAPYRIDINE, SULFANILAMIDE AND SPECIFIC ANTISERUM 
IN EXPERIMENTAL TYPE III PNEUMOCOCaC INFECTIONS 

By frank B cooper, PAUL GROSS, AMD MARION LEWIS 
(From The IVrstem Prnnryhama Hospital Institute of Pathology Pittsburgh) 
(Recehrtd for publication March 11, 1939) 


It has been claimed by Whitby (1) that sulfa- 
pyndine saved a majonty o£ mice mfected mtra- 
pentcmeally vnlh 10,000 latal doses oi pnevimo- 
coca of Types I, II, lU, V, VII, and VUI, Hs 
therapeutic efficacy being more pronounced against 
Types I, VII and VIII Furthermore, mice 
which recovered by virtue of this presumably non- 
to-cic drug were immune to a second mfection of 
10000 and in some instances 1 000 000 fatal doses 
of pneumococci as earlj as the end of the first 
week. 

The announcement of this cxpenmental work 
was quickly followed by the chmcal report of 
Evans and Gaisford (2) who claimed a reduction 
in mortahty from 27 m 100 untreated cases of 
pneumoma to 8 in 100 who received sulfapyndine. 
These two papers are responsible for the present 
mtense interest m sulfapyndme as an antipneumo- 
cocac drug 

A companson of the efficacy of sulfapyndme 
and sulfanilamide by Cooper, Gross, and Lewis 
(3) against Type II pneumococac mfections of 
less than 100 fatal doses in both mice and rats 
showed the former compound slightly more ef- 
fective than the latter, although approximately 
one-half of the animals in the treated groups died 

In a simultaneous pubhcation Hdles and 
Schmidt (4) reported sulfapyndme not signifi 
candy supenor to sulfanilamide against mouse 
infections of IQQ fatal doses of Type XXII pneu- 
moca Unfortunately, the results obtained are 
not comparable because different dosages of the 
two drugs were adinmistered by two different 
methods Although sulfapyndme prolonged the 
lives of all 20 mice 9 living 6 days or longer, all 
but one died before the fifteenth day Similarly 
m the sulfandamide group most of the rmce died 
after the sixth day and idl by the thirteenth day 
In a subsequent experiment, 14 of 20 rmce which 
received 80 mgm of sulfapyndme orally each day 
for 4 days then 40 mgm. daily for 2 days, sur- 
vived 30 days A comparable sulfanilamide ex- 
periment was not recorded 


Long, Bliss and Femstone (5), on the other 
hand concluded that sulfapyndme was consider- 
ably more effective than aulfanilaniiile in the treat- 
ment of expenmental Type I infections of mice 
These conclusions were based on a 12 per cent 
survival m the sulfapyndme group and no sur- 
vivors in the sulfamlamide group, both of which 
were mfected with approximately 1180 fatal 
doses 

Because of the lack of agreement between 
Whitby’s (1) and our own (3) results, expen- 
mental work has been contmued and the compara- 
tive efficacy of sulfapyndme sulfamlamide, and 
speafic anhpneumococac rabbit serum determined 
against Type III pneumococac meningitis and 
pneumonia of rats as well as septicemia of mice. 

The immunity of the recovered animals from 
this and from a preceding expenment (3) was 
determined by the intraperitoneal inoculahon of 
1 and also of 100 fatal doses of homologous 
culture. 

The purpose of the following report is to pre- 
sent the data from this study 

Pneumococcic memngtlts of rats 

Method Six groups of 15 rats each were in 
fected mtracramally (3 6 7 8) with a suitable 
dilution of a broth culture of Stram 420 which 
was shown by previous and simultaneous intra- 
cnmial tatiation to contain 10 fatal doses This 
culture was selected because it typed well with 
therapeubc Type III rabbit serum * and with Type 
in typmg serum but did not cross type with Type 
Vni serum 

One group served as untreated controls, whde 
the remaming 5 were treated, as shown m Figure 
1, with sulfanilamide,* sulfapyridine,* Type III 
anhpneumococac rabbit serum sulfamlamide plus 
serum and sulfapyndme plus serum 

1 Kindly donated by E. R. Squibb & Sons, New Yorlc. 

* Syntbesued and donated by the Monsanto Cbcniical 
Co^ St Louis, Ma 

• Supplied by Merck & Co, Ino, Rahway N J 
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Fig 1 Meningitis 

Mortality curves of rats infected with 10 fatal doses 
of Type III (Strain 420) pneumococcus and treated 6 
hours after infection 

Infection 0 1 cc. of a 10~* broth dilution of an 18-hour 
broth culture mtracranially 

Treatment Gintrols IS rats, no treatment 
SA 15 rats, 100 mgrru of sulfanilamide in 0 5 cc. of 
IS per cent gum acacia orally 6 hours after infection, then 
twice daily for 7 days, followed by 100 mgm once dady 
' I 7 days 

SP 15 rats, same dosage of sulfapyridme. 

Serum 15 rats, 333 umts of Type III rabbit antipneu- 
ococac serum mtrapentoneally 6 hours after infection, 
then once daily for 2 successive days (1000 units) 

SA plus serum IS rats, combination of sulfanilamide 
and serum therapy used above, 

SP plus serum IS rats, combination of sulfapyndme 
and serum therapy used above. 

The immunity of the rats which survived for 
one month was determmed by infecting them 
mtrapentoneally with approximately one fatal 
dose, determined by intraperitoneal titration, of 
the same Type III strain 
Results As shown in Figure 1, all imtreated 
rats died in 2 days and all serum-treated rats 
■within 5 days The sulfamlamide- and sulfapyn- 
dme-treated groups suffered a mortality of 3 and 
8 , the sulfanilamide plus serum and sulfapyndme 
plus serum groups, 5 and 11 of 15 rats respectively 
It is significant that of the 75 rats which received 
some form of treatment, 6 died late in the expen- 
ment of a relatively fresh meningitis 

Of the 32 rats which recovered from meningitis 
as a result of treatment, 22 failed to survive the 
intrapentoneal infection of approximately one 
fatal dose of the same strain of Type III pneu- 
mococa one month later The distnbution of 


casualties in this group \vzs as follows sulfani- 
latmde, 7 of 11 , sulfapyndme, 4 of 7, sulfanilam- 
ide plus serum, 8 of 10, and sulfapyndme plus 
serum, 3 of 4 These results are comparable to 
the mortality rate of 7 of the control group of 10 
normal rats Similarly, all 33 survivors from an 
earlier Type II menmgibs experiment (3) died 
when ranfected, this time mtrapentoneally, -with 
less than 10 fatal doses of homologous culture 
This mfecting dose killed 9 of 10 normal rats 

Pneumococcic piieumoma of rats 

Method Four groups, each of 15 rats, were 
infected intratracheally, as described m pre'vious 
expenments (9, 10, 11, 12) with a muan suspen- 
sion of approximately 100 fatal doses of Strain 
420 Type III pneumococa One group received 
no treatment, whereas the remaining 3 groups 
were treated -with sulfanilamide, sulfapyndme, 
and Type III antipneumococcic rabbit serum as 
shown in Figure 2 

Residts Reference to Figure 2 shows that all 



Doi/s fo//oii///?cjr Z/jfecf/o/? 

Fig 2. Pneumonia 

Mortality curves of rats infected with 100 fatal doses 
of Type III (Strain 420) pneumococcus and treated S 
hours after infection. 

Infection 0 15 cc, of a mucm suspension of an 18-hoiir 
broth culture, diluted 10"^ mtratracheally 

Treatment Controls 15 rats, no treatment 

SA 15 rats, 100 mgm. of sulfanilamide m 0 5 cc. of 
15 per cent gum acaaa orally 5, 12, and 21 hours alter 
infection, then twice daily for 5 days, followed by 100 
mgm once daily for 3 days. 

SP IS rats, same dosage of sulfapyndme. 

Serum 15 rats, 333 umts of Type III rabbit anbpneu- 
mococcic serum mtrapentoneally 5 hours, 1, and 2 days 
after infecUon and 500 umts on the third day (1500 umts) 
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Control rats died m 2 to 10 days after infection, 
whereas the mortality of the sulfamlamide, aulfa- 
pyndinc, and serum treated groups was 6, 9, and 
7 of 15 respectively one month later All fatali- 
ties, except four in the sulfapyrldine group 
showed at autopsy the type of expcnracntal pneu 
moma previously described 

Bacteremia as demonstrated by culture from 
the femoral van at autopsy, iras present jd all 
control and sulfamlamide treated rats, but was 
absent m several serum treated rats and several 
treated with sulfapyndine. 

In this expenment, as m the preceding one, 
there ^ve^e a number of defayeef deaths 5 of which 
occurred in the sulfamlamide group from 11 to 
16 days and one m the sulfapyndine group 9 
days after infeebom 

The immumty of the pneumonia survivals was 
considerably greater than that of the meningitis 
survivals since there were only 4 deaths out of 
18 survivors distnbutcd as follows 1 of 8 m the 
sulfanilamide, 3 of 4 m the sulfapyndme, and 
none of 6 m the serum group whereas 11 of 14 
normal control rats died 

Pncwnoeocac sepheerma of mtee 

Method Four groups, each of 10 mice, were 
mfccted subcutaneously with more than 100 fatal 
doses of the same 420 straim (Titration mice 
which received M.o and Vioo of the mfectmg dose 
used m the experiment died within 72 hours ) 
One group served as untreated controls, while the 
remaining groups were treated as shown m Table 
I 

Resitlts The mortahty rates of the vanous 
groups were controls 10 sulfanUamide, 9 , sulfa- 
pyndine, 5 , and serum 5 of 10 mice, 

Smee the number of survivals from this expen 
ment was too small to be statistically significant 
the survivals from some imreported mouse expen 
ments were reinfected intrapentoneally with 100 
fatal doses of the homologous Type II (Bmda) 
culture. Reference to Table II indicates the pres 
ence of some degree of immunity m the recovered 
mice, 

DISCUSSION 

The above experiments show that equal doses 
of sulfamlamide or sulfapyndine possess approxi 


TABLE I 


TTurapevitc ej^cacy of svljandamido ndfapyndttte, and 
specific anhpneumococcic serum aeoinsi Type III 
pneumococctc iifecHcn oj mice* 



Num. 

Ncmbcr of deaths dtOy 
dorliif 21 d&rs 

Nom 

Treatnentt 












1 

2 ' 

1 

3 

4 

5 

6 

7-u' 

lUet 

None 

10 


3 

6 

1 




10 

Sui/AoilAmKltf 1 

10 

1 


j 

2 


3 

2 


StilfApyndlne 

Type. Ill rabbit ferum 

10 

10 


|l 

2 


1 

1 

3 

s 

5 


* Infection 0,5 cc. of a 10"’ broth dilution of on 18-hoiir 
broth culture (100 fatal doees) of Type III (Strain 420) 
pneumococena subcutan^ousty 
t Trtatroent SolfanUamide 20 mvm, of tulfanllanude 
in 0,2 cc. of 15 per cent gum acacia 3 hours after Infection, 
then once daily for 8 da^ 

Sulfapyndine Same dosage aa of sulfamlamide 
Serum 100 units of Type III antlmeuiDOCoccic rabbit 
senun inlTBperitonealiy 3 24 and 48 hours after iDfection 
(300 units) 

TABLE n 


Immunity of recovered mica to reirfecHon mih 100 fatal 
dosts of homolotaus culture* 


Frrrious 

Kmnbcrof 

Ncmbcr of 

tmtmsat 

mice 

curl VOSS 

None 

26 

None 

Sulfanilamide 

9 

7 

Sulfapyridine 

18 

6 


• Infection 0,5 cc. of a 10“’ broth dilution of an 18-bour 
broth culture of homokwous Type II (Bmda) culture 
(100 fatal doses) 


mately the same therapeutic efficacy against both 
Type in pneumococac mcnmgitis and Type III 
pncumococac pneumonia of rats An earher ex- 
penment also showed these drugs to be of ap- 
proximately equal value m treating experimental 
Type II pneumococac meningitis (3) In mice, 
however, sulfapyndine was supenor to sulfam 
lamide against Type III pneumococac sepsis in 
the above expenment as well as Type 11 sepsis in 
the previous expenment (3) This is not sur- 
pnsmg since the computed efficaaes of any 2 
drugs which possess approximately the same value 
may vary somewhat m either direction when dif- 
ferent types and strains of pneumococa or animals 
arc used Although variations of this kind ha-ve 
been attributed to strain (13 14) and to type (4) 
differences both the e^qienmental work and the 
cures of rhmat} pneumococac meningitis point to 
strain difference as the more important factor 
This view IS strengthened by our cxpencnce with 
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3 Type II strains which show marked differences 
m mvasive power and in response to chemo- 
therapy However, expenmental results show 
that neither sulfapyndme nor sulfamlamide is ef- 
fective against pneumococac mfections of mice 
or rats when the infection exceeds 100 fatal doses 
This statement receives added support from the 
results of expenments (15) m which mice were 
infected with approximately 100 lethal doses of 
Type II pneumococa and treated 4 hours later 
An aggregate of 80 mice treated with sulfapyn- 
dine suffered a 55 per cent mortahty while an 
equal number of mice treated wth an equal dosage 
of sulfamlamide showed a 74 per cent mortality 
at the end of 3 weeks Hilles and Schmidt (4) 
obtained similar results m mice treated with 4 
grams per kilo the first day, followed by 5 daily 
treatments of 1 gram per kilo, but saved 14 out 
of 20 mice when 4 grams per kilo were given for 

4 days and 2 grams per kilo for 2 additional days 
In view of the discrepancy between the results 

so far reported and Whitby’s (1) claim that sulfa- 
pyndine saved a majonty of mice mfected with 
10,000 fatal doses of pneumococa, a further con- 
sideration of the method whereby such favorable 
results were obtained appears indicated In 
Whitby’s vaxious pubhcations (1, 16, 17), the 
therapeutic effiaency of each drug under mvesti- 
gation -was expressed by a figure designated as 
the “ survival ralue ” This figure represented 
the average survival time of groups of mice, usu- 
ally 6 m number, which were observed m most 
instances for 7 days This simple method of 
evaluation is open to question since it ignores ulti- 
mate survivals and may give the same value, such 
as 5 out of a possible 7, m expenments which 
produce quite different end results For example, 
a value of 5 would be obtained in an expenment 
in which one-half of the mice survived mdefimtely, 
while 1 of each of the remaimng 3 died at the 
end of the second, third, and fourth days Simi- 
larly, a value of 5 would be obtained if all mice 
died at the end of the fifth day or if 2 died at 
the end of each of the fourth, fifth, and sixth 
days, leaving m the last 2 instances no survivors 
The 7-day penod of observation, considered ade- 
quate by Whitby (1, 16, 17, 18) was found to be 
msuffiaent by others who observed a significant 
number of deaths between the second and fourth 
weeks of observation (3, 4, 9, 10, 12, 19, 20, 21) 


Another arcumstance which throws doubt upon 
the vahdity of this method of evaluation is the 
difference in values which the author reported for 
sulfamlamide against Type I infections 12 out 
of a possible 7 in 1937 (18) and 3 3 out of 7 in 
1938 (1) 

It IS evident from Expenment I that sulfani- 
lamide and sulfapyndme are about equally ef- 
fective m treatmg Type III expenmental menin- 
gitis, whereas Type III rabbit antipneumococcal 
serum was valueless However, in Expenment 
11 all three medicabons appeared equally effective, 
m the dosages employed, against pneumococac 
pneumoma This latter observation is confirma- 
tory of previous conclusions concemmg the thera- 
peutic value of sulfamlamide and speafic anti- 
serum m experimental Type I (10) and Type II 
(12) pneumococac pneumonia and Type I pneu- 
mococac memngitis (8) 

The serum dosage was calculated on a weight 
for weight basis from a human dosage of 350,000 
units for Expenment I, one and one-half times 
that amount for Expenment II, and three times 
the amount for Expenment III 

The dosage of sulfamlamide employed through- 
out was that which has consistently given good 
results in our hands (6, 7, 9, 10, 11, 12) The 
fact that this dosage of 0 5 to 1 0 gram per kilo 
of rat IS, weight for weight, considerably more 
than the 0 08 to 0 15 gram per kilo generally ad- 
vocated for man (22), has occasionally prevented 
the casual observer from recognizing the chnical 
application of the animal expenments For ex- 
ample, the Pneumonia Commission of the Medical 
Soaety of the State of Pennsylvama (23) was 
of the opmion that the amount of sulfamlamide 
reqmred for adequate treatment of climcal pneu- 
moma, calculated from the quantity used in ani- 
mals, was so great as to be dangerous Marshall 
and Cutting (24) have subsequently shown such 
fears to be groundless smce only a fraction of the 
dose which is required to maintain the thera- 
peutically effective concentration of 5 to 15 mgm 
per cent m the rat is necessary to produce the 
same optimum blood level in man In the mouse, 
however, 1 0 gram per kilo produced the high con- 
centration of approximately 50 mgm per cent 
dunng the first 2 hours, 20 to 25 mgm per cent 
by the sixth hour and about 6 mgm per cent at 
the end of 24 hours A dose of 04 gram per 
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kilo gave a maximum conccntraticm of 20 mgm 
per cent the first hour but a concentration of only 
4 mgm per cent within 6 hours (24) From this 
It IS evident that the rat is the experimental animal 
of choice, not only because of the ease in produc- 
ing the pneumococac diseases most frequently en 
countered m humans, namely pneumonia and men- 
ingitis, but because daily or hvice daily treatments 
produce blood concentrations of sulfanilamide of 
the same order as those considered optimum in 
chnlcal practice. Furthermore, the vahdity of the 
results obtained cxpenmentally in rats is being 
substantiated by the rapidly accumulating reports 
of clinical cures of both pneumocoede pneumonia 
and meningitis (8) 

The high degree of immunity which Whitby 
(1) claimed followed the recovery of sulfapyri 
dine-treated mice was absent in our senes of 
menmgitis and pneumonia rats whidi received 
sulfapyndine. In fact, these rats showed nu 
mencally less immumty than those treated with 
sulfanEamide or serum when reinfected with one 
or ten carefully titrated fatal doses of homologous 
culture. It would also appear that late deaths 
would have been less frequent m both senes if a 
sigmficant degree of immunity had followed treat- 
ment and apparent recovery In r^rd to the 
immunity of recovered mice, Femstone et al (25) 
observed none in those which had received 44- 
diaminodiphenylsulfone, when remfected 30 days 
later with 10 to 100 fatal doses Although our 
mice showed a certam degree of immumty it did 
not approach that claimed by Wlutby (I) amce 
12 of 18 sulfapyndme recovenes and 2 of 9 
sulfanilamide recovenes died when reinfected with 
only 100 fatal doses 

conclubions 

1 Sulfanilamide and sulfapyndme^ were equally 
effective against Type III experimental pneumo- 
cocac meningitis and pneumoma of rats, whereas 

* While this paper was in press Gross Cooper and 
Lewis (Proc. Exper BIoL and Med, 1939 40, 448) 
and Antopol and Robinson (Ibid,, 1939 40 428) sinml 
taneously reported kidney damage due to acctyl-sulftpyri 
dine urobths in rats fed lulfapyridlnc. If h were pos 
fiblc to obviate the renal complications in rats treated 
with stalfapyndine, it would seem likely that the latter 
drug would prove to be slightly tnpenor to sulfanilamide 
in the rat as well as In the mouse. 


sulfapjmdme was somewhat supenor against 
Type in pneumococac sepsis of mice. Neither 
drug was effective against more than 100 fatal 
doses 

2 Speafic Type III pneumococac rabbit anh- 
senim was as effective as sulfanilamide or sulfa 
pyndme in Type III pneumococac pneumonia of 
rats and more effective than sulfamlamide in sep- 
sis of mice This serum had no therapeutic action 
m menmgitis of rats caused by the same culture 
of Type III pneumococcus 

3 The rats which recovered from pneumococ- 
ac pneumoma showed a sbght immumty which 
was least marked in those treated with sulfapyn- 
dine. No appreaable immumty was demonstra 
ble m the rats which recovered from pneumococac 
meningitis irrespective of their previous therapy 

4 Sulfapyndme treated mice which recovered 
from pneumococac sepsis possessed less immumty 
than sulfamlanude-treated mice. In either group 
this imraumty was not suffiaently great to save 
all mice remfected with 100 fatal doses of homolo- 
gous culture- 
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The improvenient of the arculation produced 
by digitahs m patients with auncular Ebrillation 
IS almost invariably assoaated with slowing of 
vcntncular rate* Whether the improvement is 
the cause of the slowing or the result of it, or in 
part a cause and in part a result of the slowing are 
matters concemmg which opinion is divided Tlic 
extent to which the slowing causes the improve- 
ment could be established if the slowing could be 
pre\ente<L It appeared that this problem might 
be attacked by the use of repeated doses of atro- 
pme to prevent the cardiac slowing over a penod 
of several days after a massrve dose of digitalis 
The influence of digitalis on the heart failure as 
measured by changes m body weight fluid loss, 
and subjective symptoms in these cases might then 
be compared with its well known effect in patients 
in whom the rate is permitted to become slow 
The effect of atropine on the heart rate of 
digitalized pabents with auncular fibrillation has 
been the subject of several reports m the litera 
ture, and while views were not entirely m agree- 
ment there seemed to be suffiaent accord to indi- 
cate that with adequate doses of atropine little 
difficulty would be encountered m raamtainmg a 
rapid heart rate after large doses of digitalis in 
a considerable proportion of the patients 

A study was planned to pursue this matter, but 
the onginal objective ceased to appear promising 
after several results were obtained, for they 
showed what was confirmed by subsequent obser- 
vations, that the expenment could not be earned 
out, that atropme, even m doses causmg severe 
systemic symptoms, could not prevent the pro- 
nounced slowmg of the ventnde after very large 
doses of digitalis The inferoicc we drew from 
the literature, therefore, proved to be mcorrect, 
and a reexamination of the literature disclosed the 
fact the discordant observations and con- 
flicting conclusions concerning the role of the 


vagus could not be harmonued by existmg data 
alone. ’ 

LITERATURE 

While there ore nmneroui reports on the effect of 
atropine oo the ventncular rate which has been slowed 
by digrtails, the studies of Ctuhny Mams and Silber 
(1), and Lewis, Drory Wedd and Ilicicn (2) pre- 
sent the more detailed analyses of the subject Coshny 
et oL (1) concloded that “in auricular fibrillation, digi 
tails and its allies slow the heart from some direct 
action on the heart and not from sUmutation of the m 
hibitory mtehamsm, for atropme does not restore the 
original rate of the rtieated heart” About JO years 
later Lewis et aJ (2) on the other hand, concloded that 
the ventncular slowing caused by digitalis Is in part doe 
to a direct action on the ventride and in part to vagal 
stimulation, and that the different proportions of these 
actions b different cases were chiefly matters of bdl 
vidual variation, both actions bong exerted "fa dif 
ferent proportions from case to case.” In the 10 digi 
talUed patients of Cnshny rl oi the average ventncular 
rate after atropine was only 79 a minute, whereas b 
the 8 patients of Lewis et aJ it was 137 a minute. Lewis 
et al attributed this difference to the inadequate doses 
of atropine used by Coshny et al for I^ewis found that 
after digitalis it took more atropine completely to block 
the vagus than before digitalis, and that a dose of ^ 
grab subcutaneously (doses used by Cushny et al) was 
not sufficient In his review of these earher observations, 
Cushny (3) stated, “ it seems possible that the relative 
importance of the two factors may vary with different 
doses of the drug” He suggested that the dissimilar 
resulU were not due to differences b the doses of atro- 
pine but of digitalis. He stated that the evidence of 
more intense digitalization m his own cases was a greater 
fall m the pulse rate. The records ho w ever do not sup- 
port this statement, for the average pulse rates b the 2 
senes of cases were practically identical Cushny et al^ 
before digitahs 103 per mbute, after digitalis 65 Lewis 
et al^ before digitalis 106, after digitalis 65 The dif 
ferent results obtained fa the two series of cases remained 
therefore unexplained. Cushny luggcsted other factors 
wbch might determine whether the rate was slowed 
chiefly by one or the other mechanism Indivichial pecuU 
arlties, the coodltlon of the heart, and the length of f 
that the heart had been under the 
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“the longer the drug acts the less the role played by 
the vagus, and the greater that of direct unpairment of 
the A-V fibers” 

In his monograph, Robmson (4) called attention to 
the prevaihng uncertainty as to whether the action of 
digitalis on conduction “should be regarded mainly as 
an effect of vagus stimulation or as an effect produced 
by the direct action of the drug on the heart” More 
recently (5) Elsie Porter reported some new experiments 
on subjects with auricular fibrillation from which she 
took the position that the cardiac slowmg is entirely 
vagal, and that “ if and when a larger dose of atropm can 
be safely given mtravenously, the whole digitalis effect 
will be found to fall upon the vagus ” 

In view of the unsettled state of the matter, our ex- 
periments were extended to explore further the effect 
of maximum doses of atropme on the heart rate m 
auncular fibrillation after vanous doses of digitalis m 
one and the same mdividual, m different individuals, and 
under different condihons The results of these are pre- 
sented m the present report 

METHOD 

Patients The experiments were performed on 9 sub- 
jects with organic heart disease. In 8 of these there 
was an advanced degree of heart failure with congestion, 
and m 1 there were no signs or symptoms of heart fail- 
ure. All had a persistent auricular fibnllahon. The 
characteristics of the group are summarized m Table I 
The patients were adnutted to the hospital and kept m 
bed. In addition to the routine laboratory tests, mclud- 


TABLE I 

Descnphon oj patients vnth auncular fibnllalion used tn 
this study 


Case 

Affe 

Sex 

Weight 

Diasno^ 

1 

years 

65 

Male 

pounds 
, 182 

Hyperteiulon enlarged heart 

2 

42 

Male 

1 1S3 

1 Unknown etiology enlarged heart 

3 

j 44 

1 Female 

1 

93 

1 Unknown etiology mitral rtenods and 

1 InsuflSdency enlarged heart 

4 

S5 

Male 

134 

Hypertensloa and arterlosclerorit, en- 
larged heart, syphilis 

5 

44 

Male 

155 

Unknown etiology mitral itenosU and 
insoffidezKy enlarged heart 

6 

35 

Female 

130 

Kheiunetic ferer mitral stenosis and 
insuffidency enlarged heart 

7 

i 

56 

1 

Male 

130 

Rheumatic fever mitral stenoris and 
tnsufSdency aortic insuffidency en 
larged heart 

8 

29 i 

Male 

I3I 

Rheumatic fever mitral stenosis and 
insuffiaency aortic stenods and 
Insuffidency enlarged heart 

9* 

40 

Female 

135 

Rheumatic fever mitral stenosis and 
Insufficiency enlarged heart, de- 
veloped auricular fibrillation after 
hemorrhoidectomy while In the 
hospital had had thyroidectomy 18 
vears ago for exophthalmic goiter 
but now has a normal metabolic rate 


* All had advanced congestive heart failure, except this 
patient who never had sigpis or symptoms of failure 


mg electrocardiograms and the daily clinical examina- 
tions, their fluid mtake and output, and ventricular and 
pulse rates were charted They were weighed on ad- 
mission and agam usually every third day The fluid 
mtake was fixed at approximately a liter a day The 
control penod was continued until a fairly fixed level 
was reached for ventncular rate, body weight, and water 
balance. The control period lasted up to 16 days, but 
was termmated as early as 3 days after admission m 3 
cases m which the heart failure appeared to be growmg 
rapidly worse. Dunng the control penod digitalis and 
diuretics were withheld. 

Digitalis The drug was admmistered m the form of 
compressed tablets of the powdered leaf standardized by 
the cat method All but Case 9 received digitalis with 
a potency of 97 mgm. per cat unit A dose of 0 14 to 
02 cat umt per pound of body weight (24 to 54 grams) 
was given at one time in 6 cases , m 4 of these, additional 
doses ivere given subsequently Two cases received 
smaller doses at the start, but a total of 014 and 046 
cat umt per pound m 2 and 13 days respectively These 
doses were sufficient to mduce toxic symptoms m 4 of 
the 9 patients (Table II) In calculating the dose, no 
allowance was made for the amount of edema fluid 
Case 9 received a specimen of digitalis with a cat unit 
potency of 85 mgm. 

Atropine Enough atropine was given to abolish com- 
pletely the vagal control of the ventncular rate. The 
dose which appeared sufficient to accomplish this was 
^0 ffram (2 16 mgm.) of atropme sulfate by mtravenous 
mjection, as shown by the fact that the release of the 
heart rate produced by this dose was m no instance m- 
creased by more of the drug (tested m 6 expenments) 
In all, 36 intravenous doses of atropme sulfate were ad- 
mmisfered in a concentration of 02 per cent m physi- 
ological salt solution. These were given m smgle doses 
of %o gram or 1 08 mgm (3 doses), %o gram or 216 
mgm (25 doses), grain or 26 mgm (5 doses), %o 
gram or 32 mgm (2 doses), and gram or 4.3 mgm 
(1 dose) In one case a total of ^ gram (6 mgm ) 
was given m 2 hours and m another a total of % gram 
(13 mgm.) was given m 24 hours As already indicated, 
the maximum effect on the rate resulted from ^ gram, 
and larger doses served merely to mtensify the toxic 
symptoms These doses are substantially similar to those 
found necessary to obtam maximum ventncular release 
m experiments by Lewis, Drury, Wedd, and Ihescu (2) 

The ventncular rate was counted with the stethoscope 
at the apex, a count of a half minute being taken at m- 
tervals of 1 to 2 mmutes at first, and then at longer m- 
tervals In one case the rate was counted on electro- 
cardiograms taken at sinular mtervals The maximum 
acceleration of the rate was m evidence within a mmute 
or two Partial recovery, however, occurred fairly rap- 
idly, as much as a half of the acceleration might disap- 
pear withm about IS imnutes The complete return of 
the rate to the pre-atropme level after the dose of 
gram was more gradual, sometimes not quite complete 
even after about 5 or 6 hours Some delay m the return 
may be due to restlessness mduced by the atropme. It 
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TAw.R n 


Summarising effect of atroptn* on ventncvlar rate after 
different doses* of digitalis 



Ven- 

tric- 

Total 


loteml 

between 

taan^ni 

nnd 

atrofrfDO 

Ventricpbr 

rate 

Per cent 
of the 
dtxttaBe 
•lowlflc 
abotUbed 

by 

atropine 

tCaM 

nte 

b«- 

fote 

dltl- 

oult 

(fill 

tahi 

doae 

effect erf 
ditltalU 

Be- 

fore 

atrtv 

pine 

After 

atro- 

pine 


Prr 
wtlm. 1 

uU 

poinJ 

1 


min 

mt4 

utt 

ftr ml 


A t nssxMmunvT vaoal action (om-Ln Dom) 


1 

UB 

54 

None 

2 hoitn 

155 

152 

100 (127)1 

a 

145 

42 



114 

164 

100 (161) 



42 

None 

4 dey« 

71 

161 

100 (U2) 

s 

UA 

24 


10 boon 

81 

141 

100 (128) 
100 (117) 



24 

None 

23 boun 

61 

140 

i 

118 

50 


8 boon 

95 

118 

too (140) 
70 (TO) 



42U) 

Now 

19 bocra 

76 

105 

8 

86 

27(6) 

None 

4 dare 

51 

85 

97 (97) 

0 

1S4 

MW 

None 

8 dan 

90 

155 

98 (98) 

I 

ruz>cnaMAim.T KxntATAOAL actior (laocdi oom) 

1 

148 

54 

1 

> 

13 hocre 

75 

92 

15 

3 

145 

78(*) 

None 

14 dan 

56 

70 

16 

S 

138 

117(0 

Voatted 

10 <Un 

75 

100 

47 



1170) 


to dan. 

75 

90 

28 



in(/) 


n den 

45 

88 

52 

4 

ns 

75Ci) 

CoepUnf 

12 dan 

60 

90 

52 

S 

154 

55 

Vomited (t) 

8 boert 

64 

89 

56 



«(0 

None 

8 dan 

64 

88 

54 

6 

115 

27 



84 

105 

68 



27 

Nod* 

2 dan 

86 

99 

45 

7 

152 

MU) 

None 

18 den 

52 

68 

20 

9 

154 

•7(f) 

None 

15 den 

80 

97 

52 


* UttlcM otherwlae ftated the eaUre dose wu grveo at 
one time. 

t Caeca 1,2 3 4 and 9 were tested after both amalfer 
and larger doses 

1 Borderline cases could not be satufactonly clavl&ed 
(Figures in this colamn indicate not only release of 
di^talis slowing but acceleration above the rate In the 
control prior to digitalis 

(o) 12 grains more on Day I Cltv all cases, the days 
are reckoned from the first day on which digitalis is given.) 

8 15 grains on Day 1 and 12 grains on Day 2. 

See Figure 6 
9 hours after digital/s. 

12 grains on Days 6 7 and 8. 

12 to 18 grains daily on Days 3 to 9 
12 grains on Days S and d, 6 grains on Day 7, and 
3 grains on Day 10 
Ik) 11 hours after digitalis. 

(•) 3 grains daily on Days 2 to 8 
(f) 21 grains on Day 1 12 grains on Days 2 to 5 and 
3 grains on Days 6 to 13 

may be inferred that the fairly rapid recovery of the 
slow heart rate after a dose of atropine is due, at least 
in part, to mechanisms other than elimination of the 
drugs, since additional doses, eren larger ones usually 


f^ed to raise the ventnclc to the mayimum rate pre- 
vailing after the first dose, when the second was given 
during what appeared to be considerable recovery from 
the first Figure 1 Illustrates the types of atropine 
curves, Lewis et aj (2) also observed the rapid re- 
covery and attributed H in part to reflex stlinulation of 
the vagus center ( Increased afferent Impulses playing 
on the vagal center ") as the result of the sudden cardiac 
acceleration. The possibility of sympathetic depression 
(synapse of the ganghon) or some direct muscular de- 
pression by atropine cannot be excluded. In connection 
with another study (6) we observed brief sinus slowing 
and prolonged P-R intervals after a large dose of atro- 
pine in digitalised animals. Similar effects under special 
cooditioos were reported by Lewis ei aJ (2) Whether 
such effect! play any part in the return to the slow rate 
after atropine cannot be stated. 

RESULTS 

Atropine cannot prevent cardiac Aonnng Fig- 
ure 2 ‘ shows the course of events m the endeavor 
to secure full digitalis effect without ventricular 
slowing In C^asc 2, the first dose of atropine 
(Ho grain) was given 1 hour and 46 minutes 
after the oral dose of 42 grams of digitalis A 
second similar dose of atropine was given 1 hour 
and 27 minutes after the first and the third dose 
of %o gram was given 1 hour and 34 mmutes 
after the second, in all Yiz gram in a period of 3 
hours and 1 mmute. These doses caused atropine 
poisoning with stupor, restlessness, muttering, 
dryness and dilated pupils, symptoms which be- 
came more intense as the doses were repeated 
As may be seen, however, the release of the ven- 
tnclc was only temporary, was duninished with 
the repetition of the dose, and the release was 
almost neghgible after the last dose, indicating 
that the vagus ^vas m all probabihty completely 
blodcetL Nevertheless, the ventncular rate con- 
tinued to fall as the absorption of digitalis pro- 
gressed, and about 12 hours after the admmlstra- 
tion of the drug the rate had fallen from 145 to 
85 while the patient was under the influence of 
sufifiaent atropme to cause severe toxic effects 
In Case 1, the phenomena were essentially the 
same with even larger doses of atropme. 

These results show, therefore, that even when 

* In order to ilmplify Inspection of the*e curves tome 
of the points which come very close together ha>e been 
omitted without tlgnificanlly mfluenang the cooric of 
the curves This tometimea hid the effect of irooothlng 
out minor irreguUntiei in the curves. * 
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Case 2 (A) represents gram atropine sulfate given intravenously after 

marked slowing by a full dose of digitalis 

Case 5 Each (A) represents ^ gram atropme sulfate given intravenously 
after marked slowmg by a full dose of digitalis 



Fig 2. Ateopine Cannot Prevent Slowing by 
Digitalis 

Case 1 Dose of digitalis, 54 grains Al, A2, A3, A4, 
A5 (atropine sulfate, ^ gram each) 

Case 2, Dose of digitalis, 42 grains Al, A2 (atro- 
pme sulfate, ^ gram each) A3 (atropme sulfate, 
^ gram) 


the vagi are blocked by atropme, marked ventricu- 
lar slowing IS induced by sufficiently large doses 
of digitalis This conclusion was subsequently 
confirmed by the results obtained in the remaimng 
cases, as may be seen in Table II 

VagaJ and exdravagal mschamsfm shoztm by the 
atropine test At the extremes two types of ef- 
fect may be seen after large doses of digitalis 
These are illustrated in Figure 3 These patients 
both had advanced congestive heart failure with 
a rapid ventncular rate (148 and 128 a minute) 
Each received a large dose of digitahs (0 2 and 
0 15 cat unit per pound of body weight), and in 
each, nearly 24 hours later, the ventncular rate 
had declined to low levels (75 and 61 a minute) 
Despite these essentially similar conditions, the 
blocking of the vagus by atropine had little effect 
m one and a very marked effect in the other Of 
these, in one, only 23 per cent of the digitalis 
slowmg was removed, while in the other 100 per 
cent of the digitalis slowing was abolished, the 
ventncular rate nsing higher than the control rate 
before the digitalis In Case 3, therefore, the ac- 
tion of the digitalis was predominantly vagal, and 
m Case 1, predominantly extravagal (direct action 
on conduction ®) 

®Luten (7) refers the extravagal factor, m part at 
least, to reduced exatabihty of the ventricle. 
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Fia 1 Vacal Jem Exiravaoal MtcHAinsu or 
SUJWIKG 

C»ie 1 Dose oi digitalis, 54 gtains, A4 AS (atro- 
pine snlfate, grain each) In broken lines ebanges In 
rate due to prenota doses of atropine are omitted. 

Case 3 Dose of digitalis, 24 grains. A2 (atropme 
sulfate, ^ grain) Broken line of same ligmScance as 
in Case 1 

Factors tvttich determine the mechanism The 
neirt quesbon was What factors detenmne 
whether one or the other mechanisni would con- 
trol the Tcntncular rate after digitalis — individual 
peculiarity, the degree of heart failure or of func 
tional improvement or the dosage of the drug? 

Figure 4 shows that it is not a matter of indi- 
vidual peculianty, for m the same individual the 
slow heart rate during digitalis action may be at 
one tune under vagal control and at another time 
under extravagal control. For example, in Case 
2, the control is extravagal 10 hours after 42 
grains of digitalis, it is the vagal type (100 per 
cent release) after 4 days but it again returns 
to the extravagal control (only 16 per cent re- 
lease) on the fourteenth day Similarly in Case 
3 the heart rate is slow by a vagal mechamsm on 
the first and second day after the digitahs, but by 
a predominantly extravagal mechamsm on the 
tenth and eleventh day In Table II are sum- 
manied the observations in all the experiments 
indicating that one and the same individual may 
show both types of control 


Figure 5 shows that the mechamsm which will 
control the slow heart rate after digitalis is not 
directly related to the degree of heart failure. In 
Case 5 the same mechanism, the extravagal one, 
which controlled the ventricular rate during the 
penod m which the symptoms of failure had 
almost completely subsided (loss of 12 pounds of 
edema fluid) on the eighth day after beginning 
digitahs was already in control 8 hours after the 
first massive dose of 35 grains when relatively 
httle climcal improvement was m evidence. In 
Case 2 the extravagal mechanism predominated 
m the slowmg about 8 hours after 42 grains of 
digitalis, as shown by the fact that even though 
the vagi were blocked by atropme the rate did not 
exceed 104 (reduced from 145) Dunng this 
penod very bttle chnical improvement was m evi- 
dence. By the fourth day marked chmeal im- 
provement had taken place, the patient having 
lost 10 pounds of edema flmd At this time the 
control had shifted to the vagal mechamsm (rate 
after atropme release, 161) 

Figure 6 shows that the two mechanisms may 
be seen at 6ffercnt times m a patient wthout 
signs or symptoms of heart failure. 

The foregoing results show that the vagal and 
extravagal types of control of the ventricular rate 
may alternate m the course of digitalization m a 
manner that seems m no way related to the state 
of the myocardial function as revealed by the 
climcal signs and symptoms 

In Table II the effect of the size of the dose 
on the mechanism is shown The dose of digitalis 
appears to be the only factor consistently related 
to the mechanism. It is not safe to compare one 
case with another with respect to the amounts of 
drug because of differences m tolerance, but the 
course of events in individual cases shows that 
when the dose is mereased the atropme test re- 
veals a shift from the vagal to the extravagal 
control of the ventncular rate and vice versa 
when the dose actmg upon the heart is reduced. 
For example, in Case 1, a predominantly vagal 
type (Case A1 100 per cent release) 2 hours after 
the dose of digitalis became a predominantly ex- 
travagal type (Case Bl 23 per cent release) after 
more digitalis had been absorbed m 23 hours fol- 
lowing its admimstration. In Case 2 there is 
the extravagal tj-pe of control 8 hoiirs after the 
large dose of digitalis (see alsoiF' 5) , 
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Fig 4 Either Vagal or Extra vagal Control of the Ventricular Rate May Prevail in the Same Individual 
Case 3 Dose of digitalis, 24 grams on Day 1 , 93 grains more durmg Days 3 to 9 Each (A) represents 
gram atropine sulfate. Broken Ime (no observations durmg the mght) 

Case 2 Dose of digitalis, 42 grams on Day 1 , 36 grains more durmg Days 6 to 8 Each (A) represents %o 
gram atropme sulfate, except A3, and A on Day 5 (Mio gram each) 


vagal type (100 per cent release) in 4 days, dur- 
ing •which tune some of the drug ■was eliminated, 
but a return to extra-vagal control (only 16 per 
cent release) on the fourteenth day and after more 
digitahs, a total of 78 grains 

The results in Table 11 also show that atropme 
in-vanably causes some acceleration of the ven- 
tricular rate after it has been slowed by digitalis 
m patients ivith auricular fibnllation This ap- 
phes not only to small doses of digitalis but to 
maximum doses, those causing nausea and vomit- 
ing The extent to which the most effective dose 
of atropme ■will raise the ventncular rate depends 
upon the degree of the digitalization After the 
smaller doses of digitalis the slowmg can be en- 
tirely abohshed by atropme, but after the larger 
ones the slowing can be only partially abohshed 


by atropme Durmg the full action of the maxi- 
mum doses it IS not possible to accelerate the 
ventncular rate appreaably above 100 a mmute 
In these cases the maximum rate after complete 
■vagal release by atropme is usually considerably 
below 100 a mmute 

COMMENT 

We are now m a better position to comprehend 
the conflict in the literature regarding the role 
of the vagus m digitalis slowmg In Table III 
the essentials of three studies have been sum- 
marized and compared -with the results obtamed 
in our own An mspecbon of this table shows 
that the results m all are quahtatively identical, 
but quantitatively 'diflterent and these differences 
appear clearly to be related to the differences in 
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Fra. 5 iMPBOvcuEirr or Heabt Failuse dou not DETnaincT the MtcnANisii 
or THE Slowing 
Ca*e 2. See legend of Figtire 4 

Case 5 Dose of digitalis, 35 grains on Day 1 and 21 grains more donng 
Days 2 to 8. Each (A) represents ^ grain atropine snlfate. 



Fig. 6. Vagal and Eitravacal Mechanism of Slowing in a Patient without Signs or Symftoms or 

Hear Failure 
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table in 


Effect of atropine on ventricular raU after digitalis in 4 studies with patients having auricular fibrillation 


Author 

1 

1 

Number 
of casea 

Averafie 
vtntriciUar j 
rate 1 

without 1 
dil^taUs 1 

I>o»e of digitalis 

Toodc effects 

1 

Average 
ventricular 
rate after 
digital 
and before 
atropine 1 

Dose of 
atropine 
sulfate 

Average 
' ventricular 
rate after 
atropine 

, Per Cent of 

1 digitalis 
' slowing 
abolished 

by 

atropine 

Cushny, 1 
Mams, and' 
Sdberberg, 
1912 (1) 

11 

experi- 
ments 
in 10 
cases 

per mxnute 

103 

(75-125) 

0 8 dram of tincture 
daily for 13 days (0 3 
to 1 dram daily for 
from 5 to 32 days) 

Nausea, 
vomiting or 
coupling m 

9 cases 

j 

Per minute 

65 

(52-77) 

grains 

Usually 1/SO' 
subcutane- 
ously 

per mtnuie 

79 

(57-93) 

1 

37 

Lewis, 
Drury, ! 

Wedd, and 
Ihescu, 

1922 (2) 

8 

expen- 1 
ments 
in 7 
cases 

106 

(80-130) 

0 8 dram of tincture 
daily for 10 days (0 7 1 
to 1 1 dram daily for 
from 7 to 13 days) 

Not stated 

1 

65 

(52-75) 1 

Usually 1/33 
to 1/20 1 

intrave- 
nously 

137 

(102-205)1 

1 

100 (175)* 

Porter, 

1933 (5) 

21 

128 

(72-180) 

0 12 cc of tincture 
fier lb of body weight 
(0 1 cc to 0 IS cc ) 
administered m 1 
dose 8 hours before 
atropme 

Vomitmg in 

1 case 

101 

(72-156) 

1/25 intra- 
venously 

Not 1 
stated 1 

1 

1 

100-f m 
1/3 of the 
cases, less 
than 100 
in 2/3 of 
the cases 

Present 

study 

9 

expen- 
men ts 
in 6 
cases 

126 

(86-148) 

About 0 15 cat imit 
per lb of body weight 
(see Table II details) 

None 

86 

(58-133) 

Usually 1/30 
or more 
intra- 
venously 

134 

100 (124)* 


12 

expen- 
menta 
in 8 
cases 

132 

^ (115-148) 

0 2 to 0 5 cat unit 
per lb of body weight 
(see Table II details) 

Coupling or 
vomitmg in 
j 4 cases 

68 

(52-86) 

1 

Usually 1/30 
or more 

1 mtra- 
1 venously 

89 

(68-105) 

34 


* These figures above 100 indicate not only the release of dig;italiB slowing but the extent of the acceleration above 
the pre-digitalis rate 


the amount of digitalis given In one and the 
same patient we obtamed the results of Cushny 
et al (1) when the doses were large, and the re- 
sults of Lewis et al (2) and of Porter (5) when 
the doses were smaller It is not possible to com- 
pare the doses of digitahs accurately because we 
have no data concermng their relative potenaes, 
but the effects indicate that the mtensity of digi- 
tahzation was not the same m the three studies 
Cushny et al drew their conclusions from cases 
of advanced digitalization as seen from the high 
inadence of toxic effects ® The cases of Lewis 
et al were evidently less intensively digitahzed, 
although no statement is made regarding toxic 

s Although their inferences are also inralid on the 
grounds of inadequate doses of atropine as we have al- 
ready mentioned. In the light of our experiments it is 
improbable that even larger doses of atropme would have 
yielded matenally different results 


s)rmptoms The cases of Elsie Porter were, on 
the other hand, in the lightest degree of digitaliza- 
tion as mdicated chiefly by the relatively high av- 
erage ventricular rate at the time that the atropme 
test was made It may be noted, also, that the 
ventricular slowmg m each of three groups of 
experiments was almost identical, rate 65 
(Cushny), 65 (Lewis), and 68 (present study) 
Slow rate, therefore, was no mdication of the 
mechamsm by which the slowmg was caused, fot 
m one group with this slow rate atropme abol- 
ished the slowmg completely and in the other the 
effect of atropme was relatively slight This mat- 
ter wiU be considered m another commumcation 

SUMMARY AND CONCLUSIONS 

1 There is no general agreement regarding the 
role of the TOgus in the ventncular slowmg by 
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digitalis, some mamtaimng that the drug acts 
mainly on conduction directly, and others, that its 
action 18 mediated chiefly or wholly through tlie 
vagus 

2 In the present m\ estigation on patients with 
auncular fibrillation we found, as others have, 
that paralytic doses of atropine always cause some 
acceleration of the ventricle which has been slowed 
by digitalis, and that this effect vanes from shght 
acceleration to complete abohtion of the slowing 

3 We have observed however, that if the doses 
of digitalis are large enough, atropme carmot pre 
vent digitalis from producing marked slowing of 
a rapid ventncle (to 100 a minute or slower) 

4 In digitalized patients with auncular fibrilla 
bon, the Ventncle is mamtamed at a slow rate 
usually by the summahon of two factors one, a 
vagal factor (abolished by atropme) and two an 
extravagal factor (not abohshed by atropme) 

5 In the average case, the vagal factor pre 
dominates m the slowing of the ventncle after 
moderate doses of digitalis while the extravagal 
factor predominates after large doses 

6 Which of the two factors (vagal or extra- 
vagal) will dominate in the control of the slowed 
heart rate depends therefore upon the degree of 
digitaliiabon Contrary to statements found m 
the hterature, our results show that it is not a 


matter of individual pecuhanty, the degree of 
heart fadure or the length of bme the heart has 
been under the influence of digitalis 
7 The discordant views m the hterature re 
gardmg tlie role of the vagus, and the factors 
which alter its role, m slowing of the ventncle 
m auncular fibrillation arise from the failure to 
make adequate ohservabons on the effect of maxi- 
mum doses of atropine after different doses of 
digitalis m one and the same subject 
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In arterial hypertension the cardiac output the 
metabolic rate and the usual blood chemical con- 
stituents are essenhallj normal Experimental 
hypertension in man, however is usually attended 
by alterations m some of these measurements 
Epmephnne produces hypertension in normal sub- 
jects but at the same time it usually increases the 
heart rate and cardiac output It elevates the 
basal metabolism, the blood 6ow in the muscles 
the blood sugar and the blood lactic aad and also 
causes great vasoconstnction in the skm vessels 
This hypertension is therefore in no way compara 
ble to that observed in dmease. The study to be 
reported indicates that in normal subjects pare- 
dnnol sulphate' ( a-N -dimethyl p-hydroxyphen- 
ethylamine sulphate) produces a type of hyper- 
tension which has many features in common with 
clmical hypertension. For this reason the circula- 
tory adjustments folloiving the administration of 
this drug are of particular mteresL 

The pharmacology of paredrinol, a sympa- 
thomimetic drug closely allied in structure to 
ephednne, has been studied extensively in ommals 
Rein (1 2), m an mvestigation of the action of 
parednnol on dogs anesthetized with morphme 
and pemocton found that both the arterial pres- 
sure and the minute volume output of the heart 
were elevated The drug acted first on the venous 
side of the arculation and produced a greater 
venous return to the heart by mcreasing the 
venous tone and probably by emptying out the 
liver This was followed in a few seconds by a 
slow increase m arterial tone and shortly there 
after by a powerful discharge of blood from the 
abdominal organs particularly the spleen Rem 
claimed that this intense discharge of blood from 

1 The parednnol sulphate med In this study wtu oh- 
tained through the courtesy of the Smith, Kline, end 
French Lahoratones. This drug his been reported in 
the Gennan hteraturc under the trade names " ventol " 
and “ H 75 " (Knoll) 


the abdominal venous reservoirs indicated that 
the main cause for the nse in artenal pressure 
was an increase m venous return to the heart, 
rather than hn mcrease m peripheral resistance 
He demonstrated that the blood flow in the ex 
tremities and in the abdominal viscera was never 
greatly decreased and at times was increased 
Since the drug did not cause blanchmg when in- 
troduced into the human skin he concluded that 
the capillaries were not constneted and that the 
artenal tone was increased in the larger vessels 
Heymans and Bayless (3) on the basis of ex- 
penments conducted on anesthetued dogs, con 
eluded that the vascular effect of the drug was 
characterized by slight penpheral vasoconstriction 
and pronounced splanchmc vasoconstnction 
When the physiological reflexes for the propno 
ceptive regulation of blood pressure were de 
pressed by means of barbiturates they were not 
restored by parednnol even though the blood 
pressure was raised Lmdner (4) workmg with 
isolated cats hearts demonstrated that parednnol 
in concentrations of 1 to 1 (X)0 000 mcreased the 
frequency and strength of the heart beat 
Numerous observations have been made on the 
effect of parednnol in human subjects The drug 
was found to be active by oral rectal, subcutane- 
ous intramuscular and intravenous routes (5, 6, 
7) It caused a nse m blood pressure, a fall in 
heart rate, and palpitation (S 7) There were 
no other symptoms unless the blood pressure rose 
excessively in which event a sensation of severe 
pressure m the head and of precordial discomfort 
was expenenced (S 7, 8 9) The venous pres 
sure was increased by about 20 mm of water (7), 
and one observer reported that the nse m venous 
pressure occurred after the nse in artenal pres 
sure (9) The skm of the subjects showed no 
change m color (5) Nodal rhythm and ven 
trlcular extrasystoles occurred in certain instances 
(10) There was no change in the level of the 
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blood sugar (5) A transient nse m oxygen 
consumption has been reported (7) following the 
intravenous administration of paredrmol It was 
suggested that this mcrease in oxygen consump- 
tion was the result of a heightened flow from the 
large vans and venous reservoirs, and that the 
mobilization of blood from venous reservoirs, 
which Rem had demonstrated in the dog, also oc- 
curred m man The cardiac output was increased 
(11) when determined by the method of Broem- 
ser and Ranke, but in man this method was found 
to be vmreliable m this laboratory Several au- 
thors (8, 9, 11) beheve that the nse m blood 
pressure was produced both by an increased 
venous return to the heart and by an mcrease in 
the penpheral resistance The previous injection 
of atropine (12) prevented slowing of the heart 
and caused the blood pressure to nse to a higher 
level than that observed after the admmistration 
of paredrmol alone Parednnol is the N-methyl 
denvabve of parednne (^-4-hydroxyphenyliso- 
propylamme) The effect of parednne on the 
heart rate, blood pressure, and skin temperature 
has been reported by Abbott and Henry (13) 

METHOD 

This study of the action of paredrmol was earned out 
on subjects with normal cardiovascular systems The 
artenal blood pressure was detenmned in the upper arm 
by the auscultatory method, using a mercury manometer 
The heart rate was counted by artenal palpation The 
blood flow m the hand, foot, forearm, and calf was 
measured by the plethysmographic methods previously 
desenbed (14, IS, 16) When measurements were made 
on the forearm and calf, the circulation to the hand and 
foot distal to them was occluded by pressure cuffs below 
the plethysmographs (16, 17) The venous tone m the 
hand was measured by the method of Capps (18), and 
the venous pressure by the direct method of Montz and 
Tabora (19) The cardiac output was measured by the 
acetylene method (20), and the basal metabolism by oxy- 
gen consumption. The histamine method was used for 
determinmg the arculabon time (21) Skin tempera- 
tures were measured by a thermocouple. The paredrmol 
was mjected mtramuscularly after the subjects had rested 
quietly m the horizontal position for at least 30 minutes 
The effects of the upnght position on the arculabon 
were determined by blbng the table on which the subjects 
rested to an angle of from 30 to 75 degrees above the 
honzontal 

RESULTS 

Artenal pressure, venous pressure, and heart 
rate In 10 normal subjects the intramuscular 


injection of 25 mgm of parednnol raised the ar- 
tenal blood pressure from an average of 120 mm 
Hg systohe and 76 mm. diastolic to 173 mm sys- 
tohe and 92 mm diastolic (Figure 1) The height 
to which the artenal pressure rose vaned greatly 
m different subjects The minimum nse m arte- 
nal pressure was from 120 mm systohe and 70 
mm diastolic to 148 mm systohe and 72 mm dias- 
tolic, the greatest was from 130 mm systohe and 
78 mm diastolic to 200 mm systohe and 104 mm 
diastohc There was also great vanation in the 
results obtained in the same subject, the artenal 
pressure on one day nsing from 114 mm systohe 
and 80 mm diastohc to 190 mm systohe and 90 
mm diastohc, while a few days later the same 
amoimt of parednnol caused a nse in pressure 
to only 148 mm systohe and 72 mm diastohc 
The artenal blood pressure following intramuscu- 
lar admimstration of 25 mgm of parednnol began 
to nse in from 3 to 9 mmutes (average 5 min- 
utes) The maximum height was reached in 
from 8 to 20 minutes (average 16 mmutes) The 
blood pressure returned to the resting level m 
from 40 to 70 minutes (average 57 mmutes) 
The heart rate in these 10 subjects dropped from 
an average of 72 to an average of 63 beats per 
minute Three cases showed no sigmficant change 
in heart rate The maximal change was from 81 
to 54 beats per mmute 

In 3 normal subjects, from 35 to 40 mgm of 
the drug were given mtramuscularly, the artenal 
blood pressure rose from normal to 180, 186, and 
214 mm systolic, and to 80, 108, and 110 mm 
diastohc, respectively In 1 subject the artenal 
blood pressure was maintained above 190 mm 
systohe and 110 mm diastohc for 30 minutes by 
the repeated administration of smaller doses of 
parednnol In a second subject an arterial pres- 
sure of from 180 to 196 mm. systohe and 86 mm 
diastohc was maintained for 30 minutes 

In 3 normal subjects the venous pressure was 
measured by the direct method and was found to 
increase by from 30 to 40 mm of water above the 
resting level The artenal and venous pressures 
began to nse at approximately the same time, but 
as neither determination was absolutely continu- 
ous it was not possible to say which was the first 
to mcrease In one subject, who had received 3 
mgm of atropine subcutaneously before the intra- 
muscular injection of 25 mgm of parednnol, the 
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MINUTES 

Fig. 1 Eftect on Hcart Rate, Arterial Pressure, and Venous Pressure in a 
Normal Subject or the Iktraudscular Injection oe 3S mcm of Pahedunoi- Effect 
ON the Blood Flow in Hand Foot Forearm and Calf in the Same Subject of 25 
MGif or THE Same Drug 


spinal fluid pressure rose from 170 mni to 230 
mm of water 

SMnptouis aud signs Palpitation TNhich was 
ccpenenced by all the subjects was usuallv the 
onU symptom noted The drug’ caused no pain 
at the site of injection There u'as no evidence 
of excitement cerebral stimulation or tremor 
The color of the hands and face did not change. 
The force of the apex impulse ivas greatly in 
creased The artcnal pulsations in tlie neck were 
quite marked Pistol shots ^ ere occasional!) 


heard m the feinoral ^essels No disturbances in 
cardiac rh)1;hm were obsened Three of the 
subjects compUimed of occipital headaches at pres 
surcs of ISO 214 and 220 mm sjstolic and at 
100 110 and 150 mm diastolic. One subject 
complained of mild precordial discomfort 

Electrocardiograms and phonocardiograms In 
4 normal subjects the electrocardiographic trac 
ings shoived no change except m the T-utiics 
(Figure2) Tlie T %vaNes N\ere usually increased 
b) from 1 to 2 nun in height m Leads 1 2 aij 
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Fig 2A Simultaneous Electrocardiogram and Phonocardiocram of a Normal 
Resting Subject 

Fig 2B Simultaneous Electrocardiogram and Phonocardiogram of the Same 
Subject After the Intramuscular Injection of 25 mgm of Paredrinol 


3, although this change was not uniform and at 
times occurred in only one or two of these leads 
In Lead 4 the T-waves were consistently higher 
the average increase being 5 mm In 3 cases with 
imerted T-waves in certain leads, the T-waves 
never became any deeper, usually they became less 
inverted and at times they became upright 
Phonocardiograms (Figure 2) illustrated the 
great increase in the intensity of the heart sounds 
Blood flo 2 Vj vasomotor reactions, and venous 
tone In 5 subjects the blood flow m the hand 
at 43° C showed a definite, though not marked, 
fall after the intramuscular administration of 25 
mgm of parednnol, the flow dropped from an 
average of 34 cc to an average of 27 cc per 
minute per 100 cc of tissue In 2 subjects the 
hand flow at 37° C also showed a moderate de- 
crease No significant cliange in the blood flow 


m the foot was demonstrable when measured at 
43° C (4 subjects), at 37° C (2 subjects) and 
at 32° C (1 subject) In 3 subjects the blood 
flow in the forearm and calf at 43° C showed no 
change The spontaneous fluctuations in vaso- 
motor tone became much less marked m the hand 
after administration of parednnol, while in the 
foot there was onlj' a slight decrease in vasomotor 
activity Typical vasoconstriction (22), however, 
was obtained in both organs with such stimuli as 
a deep inspiration or pinching the skin The 
venous tone ivas definitely increased m the 4 sub- 
jects tested Two of these were normal subjects 
wlule the other 2 had had preganglionic sympa- 
thectomies The increase in venous tone was of 
about tlie same magnitude as that obsen^ed follow- 
ing the administration of epinephrine When 
parednnol was pricked into the skin or injected 
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TABLE 1 


Effect of parednnot on the caritac output (acciyiene method) 


Subject 

and 

Date 1 

Blood 

pretiuni ^ 

PoIk 

rate 

Oiyten 

CODSQtnI>- 
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Baaol 

iDctaboUc 

rate 

Arterio- 
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oxjien 
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yfort 
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26 
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JS39 1 

February 3 

i 

mat i7| 

120/86 ' 

ftfr 

62 

tc per ' 

wfaatr 

219 

t<T (tni 

-17 5 1 

« per 
UitT 

58 1 

56 0 

Hurt 

3M 

ce P€T 

62 0 

Him p<T 
100 a o/ 
ox>ten 
conramril 

1 75 

llUrs per 
KKorr mtlfT 
of j*r/o« 
area 

1 98 


Februarj 3 

200/116 ' 

50 ' 

243 ' 

- 72 ! 

1 

60 8 ' 
63 7 

3 91 

78 2 

1 61 

2 02 


February 3 

194/116 1 

S4 



59 0 

58 4 : 

4 14 1 

76 6 

170 

2 13 

E,A,S ' 
30 1 

February 27 ' 

112/78 

60 ' 

218 

-24 0 

82 9 

85 6 

2 59 

43J2 

1 19 1 

1,24 


March fi 

182/86 

i 

52 

1 253 

1 -100 

1 

83 0 
884 

2 95 

56 7 

1 17 

' 1 41 


mtnicutaneoiisl> m concentrations of 1 to 40 a 
\sheal surrounded by a flare was produced, which 
was usuall) attended by itdung 

Cardiac output circulatwn tiuic and basal 
incfaDoftsni The cardiac output ^va3 determined 
in 2 subjects with tlie blood pressure ele\'ated to 
200 mm and 194 mm sjstoUc, and 116 mm and 
86 mm diastolic, respectively (Table 1) In 
neither subject was there a nse m minute output 
of the heart though as the stroke \olume increased 
the heart rate decreased The basal metabolic 
rate was measured 7 times in 3 subjects ivith an 
average increase of 7 per cent above the basal 
level The histamine circulation time was meas 
ured 3 times m 2 subjects at the height of the 
blood pressure response and m neither subject did 
It differ from the values obtained at normal blood 
pressure levels 

Atropine Tliree subjects were given from 3 
to 4 ragm of atropine subcutaneously (Figure 3) 
The heart rate increased from an a^erage of 71 
to an average of 117 beats per minute Alter the 
rate bad become constant 2 of the subjects were 
given 25 mgin and the third 35 mgm of pare 
dnnol intramuscularly The heart rate increased 
to an a\erage of 135 beats per minute and the 
blood pressure reached an average height of 205 
mm sjstohc and 130 mm diastolic In these sub- 
jects the blood flow in the hand and foot at 43“ 
C and m the foot at 40® C showed no significant 
change. 


Posture In normal subjects tlie high arterial 
blood pressure produced by parednnol showed 
little change when the suliject w-as tilted from the 
horizontal position to an angle of from 50 to 75 
degrees above the honiontal The oral admisus 
tration of 3 grains of sodium nitrite had no effect 
on the development of the parednnol hypertension 
m tlie honrontal position but the artenal blood 
pressure fell rapidly to either normal or subnormal 
levels when the subjects were tilted to the upnght 
position (Figure 4) 

Artcnosclcrohc gangrene and preganglionic 
sympathectomy In 2 subjects \vith early arte- 
nosclerotic gangrene of the lower extremities and 
without hypertension the s) stohe blood pressures 
were maintained at levels of 186 and 200 mnu re 
spcctively, for at least 1 hour no change in skin 
temperature ^vas observed In 2 subjects with 
pr^nghonic svmjiathectomies the decrease in 
hand flow produced by parednnol was greater 
than that m the normal subjects 

Comparison of flic effect of parednnol and 
parednue (^-4 hydroxyphcnyUsoprop\hmtne) on 
the cardiovasatlar system Three of the above 
subjects were given 20 ragm of parednne hjdro 
bromide intramuscularly^ Their artenal blood 
pressures rose to an average of 176 mm svstohe 
and 91 mm diastolic, the heart rate slowed from 
an average of 66 to an average of 49 beats per 
minute. The subjects expenenced no pam at the 
site of injection but they were soon aware of 
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Tic 3 The Effect of I\tramuscular Ii.j£ctio^ of 25 mgm of PAREPRI^OL \ Normal 
Subject \\ ho Had Fre\tousli Recei\-ed 4 mgm of -Vtropine Suecutaneouslv 


palpitation No change in color of their skin was 
obsen. ed The effect produced on the blood pres- 
sure and heart rate of these 3 subjects bv the ad- 
ministration of 20 nigni of paredrme was similar 
in nature and intensit} to that produced b\ 25 
mgm of parednnol 

DISCUSSION 

Parednnol in nonnal subjects produces a tj-pe 
of Inpertension in which the onh outstanding 
abnormalities regularh obsen ed are the forceful 
apex beat, loud heart sounds and the high artenal 
pressure itself The heart rate is usuall}% but not 
alwats, slower than m nonnal subjects at rest 


Palpitation is the only sjaiiptom exjierienced by 
most of the subjects Other changes in the cir- 
culation are detectable only if the resting values 
for tlie mdn idual subjects are know n While the 
blood flow and lasomotor reactions in the band 
are decreased after administration of the drug, 
thet are still within the nonnal range Likew'ise, 
while the ele\ation of the \enous pressure is defi- 
nite and easily demonstrated by frequent deter- 
minations, the rise is not enough to produce an ab- 
normal venous pressure unless the resting venous 
pressure is close to the upper limits of normal 
Occipital headache, resembling that described m 
clinical hj'pertension, occurs when the blood pres- 
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Fig. 4 Tsrc Etfect on a Norjial Sobjwt with pAJUDaiNOL Hytekteksion or the 
Oral ADun<irniATTON of 3 Geains op Sodhju Nirartt Followed by Tiltino to the Up- 
right PosmoN 


sure IS excessiv’cly elevated The blood flow in 
the foot, forearm and calf shows no change, and 
the mrnute cardiac output remains unaltered The 
decrease in heart rate is not the pnmary cause for 
the unchanged cardiac output and penpheral blood 
flow, for if the cardiac slowing accompanying 
parednnol administration is prevented by atropine 
the blood flow to the hand and foot does not be 
come greater than the normal resting flow Fol 
lowing the admimstration of parednnol the circu 
lation time is unchanged The basal metabolic 
rate is not affected significantly Thus if a sub- 
ject IS seen shortly after the admimstration of 
the drug he presents a condition closely resembling 
clmical hypertension for typically m this condi 
tion except for the arterial blood pressure, all 
measurements of the vanous aspects of the arcu 
lation and of the other body functions are normal 
Hypertension mduced by parednnol can be ex- 
plamed by two possible mechanisms either singly 
or combmed (f) Pnmary constriction of certain 


portions of the mrnute vessels which regulate 
penpheral resistance (artenoles capiUanes or 
venules) (3) pnmary venoconstnction and emp- 
tying of the vascular reservoirs, causmg an m- 
creased venous return to the heart and a redistn 
bubon of the blood m the artenal and \'enou3 por 
bons of the arculabon. The obserwafaons re 
corded indicate that increased penpheral resistance 
does occur for in spite of the greatly mcreased ar- 
tcnal pressure head, blood flow through the bssues 
and cardiac output reraam essentially nonnal It 
does not necessarily follmv however that the pn 
mary action of the drug is to cause such an m- 
crease in the penpheral resistance by a direct vaso 
constnetor effect, for the constnetion demon 
strated may be a secondary response to an earlier 
pnmary change in the venous system Evidence 
against the direct \Ti3oconstnctor action of pare 
drmol 13 the observation that, when the drug is 
injected or pneked mto normal skm in concentra 
bons as high as 1 to 40 a wheal surroimded b> t 

V 
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flare results The cutaneous wheal with the sen- 
sation of Itching IS not unlike that observed after 
the injection of histamine This is in sharp con- 
trast to the white spot formed by the mtracutane- 
ous injection of epmephrme Too much empha- 
sis, however, cannot be placed on the failure of 
parednnol to produce visible vasoconstriction after 
mtracutaneous injection, for the drug may act on 
the larger artenoles rather than on the capiUanes 
or venules 

There is considerable evidence that the mam 
action of parednnol is on the venous reservoirs 
Hypertension may therefore result from an m- 
crease in the artenal arculating blood volume be- 
cause of a change m the distnbution between the 
artenal and venous parts of the vascular bed 
Rem believes that his experiments on dogs have 
demonstrated this to be the main factor in the 
production of the hj^pertension In man, the 
venous pressure nses by from 30 to 40 mm of 
water while the artenal pressure is increasmg 
The venous tone in the extremities, as demon- 
strated by plethysmographic measurements, is also 
increased The important effect of the quantity 
of arculating blood on this type of hypertension 
is clearly shown in postural expenments after the 
oral administration of 3 grams of sodium nitnte 
In subjects whose venous systems respond to so- 
dium mtnte with a decrease in venous tone, the 
drug has no measurable effect on the parednnol 
hypertension while the body is in the horizontal 
position, when the upnght position is assumed, 
however, the blood pressure falls from hyper- 
tensive levels ather to normal or greatly subnor- 
mal levels When the horizontal position is re- 
sumed, the blood pressure immediately returns to 
the hypertensive level which existed before tiltmg 
The venous pooling mduced by the combmation 
of sodium nitnte and the upnght position so re- 
duces the circulatmg blood volume that the arte- 
nal blood pressure falls sharply Thus, m these 
expenments with sodium nitnte, speafic antago- 
nistic changes are induced, hence the parednnol 
hypertension is abolished This is also of great 
practical importance because it offers a method 
of controlhng the hypertension induced by pare- 
dnnol if the blood pressure nses to alarming 
heights or if a headache develops The blood 
pressure is instantly lowered by amyl nitnte in 
the honzontal position and the headache quickly 


disappears The effect, however, lasts for only a 
minute By biting the subject upnght tlie effect 
is greatly prolonged and a normal pressure can 
be maintained without difficulty 

On theoretical grounds one can account for the 
development of the hypertension induced by pare- 
dnnol by assuming a deaease in volume of the 
venous reservoirs and vans This produces an 
increased venous return to the heart As far as 
is known, the blood flow in the bssues is regu- 
lated chiefly by the reqmrements for metabolism 
and for heat conservahon and dissipabon If the 
blood flow through the bssues is increased mo- 
mentarily beyond these requirements by a nse in 
cardiac output resulbng from the increased ve- 
nous return, the vessels may well contract suf- 
fiaenby to restore the blood flow to the normal 
level Under such arcumstances an imbal in- 
crease m cardiac output will produce hypertension 
The nse m blood pressure will tend to increase 
the work of the heart and reduce the cardiac out- 
put When equihbnum is reached the increased 
artenal blood pressure will have reduced the car- 
diac output to normal and the bssue blood flow 
will also be at the normal level As yet, suf- 
fiaent evidence has not accumulated to determme 
whether the hypertension caused by parednnol is 
produced (I) by the direct action of the drug on 
the small vessels controllmg the penpheral re- 
sistance, or (2) by the direct action of the drug 
on the veins and venous reservoirs, causmg pn- 
manly an increased venous return to the heart 
and a secondary mcrease in penpheral resistance 
Neither of these mechanisms is necessarily antago- 
nisbc and both may play a part m the producbon 
of the hypertension 

The slow heart rate frequently encountered 
after the adirumstrabon of parednnol is caused 
by sbmulabon of the carobd sinus and aorbc 
nerves After atropine the fall in cardiac rate no 
longer occurs If the subject is completely atro- 
pimzed and the pulse allowed to become con- 
stant, parednnol causes a further disbnct nse in 
pulse rate When the vagus is active, however, 
it masks the direct sbmulabng effect of pare- 
dnnol on the heart rate After the adnunistra- 
bon of atropine, parednnol causes a greater and 
more prolonged nse in artenal blood pressure, 
parbcularly in the diastohc level This great nse 
in diastohc pressure (up to 150 mm Hg) is 



HYPERTENSION INDUCED BY PAREDRINOL 


447 


caused ty the marked increase in heart rate 
Diastole becomes very short and consequently 
there is not sufficient time for the pressure to 
fall to the usual diastohc level before the next 
systole occurs If the blood flow were apprea 
ably mcreased, the diastohc pressure would not 
nse 80 steeply Blood flow determinations on the 
hand and foot mdicate that the peripheral resist- 
ance merely mcreases as the pressure rises and 
that the blood flow is not increased 

In view of the conclusion drawn by Rem from 
animal experiments that paredrmol mcreases the 
blood pressure chiefly by acting m the veins and 
venous reservoirs, it was hoped that by mcreasmg 
the pressure head the blood flow could be increased 
m the extremities m cases of artenosclerobc 
gangrene without hypertension. The experiments 
with atropme and paredrmol had previously dem 
oustrated that the blood flow could not be m- 
creased through the normal hand and foot by rais 
mg the blood pressure to great heights In the 
presence of mapient gangrene, however, it was 
possible that enough dilating substances would be 
present locally to maintain vasodilatation and 
permit an increase in flow Skm temperature 
studies on 2 such cases revealed no change after 
the admimstration of paredrmol Similar results 
have been reported in cases of Buerger’s disease 
in which hypertension was mduced by paredrme 
(13) The possibility still remamed that the m 
creased peripheral resistance resulted from central 
stimulation of the vasoconstnetor nerves That 
this was not the case was demonstrated by findmg 
that the blood flow was slowed to an even greater 
degree m the sympathectomiied than m the normal 
hand 

SUMUARY AND CONCLUSIONS 

1 Parednnol (a N-dimethyl p-hydroxyphen- 
ethylamme) produces in normal subjects a type 
of acute arterial hypertension that closely resem- 
bles that observed m disease The tendency to a 
slower heart rate the vigorous apex impulse the 
loud heart sounds and the hypertension itself are 
the only outstanding abnormalitiea produced by 
the admmistration of the drug 

2 This hypertension differs greatly from that 
produced by epinephime 

3 The arterial blood pressure response m dif- 
ferent subjects, and m the same subject on dif- 


ferent days, vanes greatly The average duration 
of the hypertension after the intramuscular in- 
jection of 25 mgm of parednnol is 1 hour 

4 The blood flow m the dilated hand is moder- 
ately decreased The spontaneous fluctuations in 
vasomotor tone m the hand and foot ate decreased 
The venous tone m the hand is mcreased. The 
venous pressure is mcreased by from 30 to 40 mm. 
of water The T waves m the electrocardiogram 
become higher These changes are usually not 
great enough to be detectable unless the restmg 
values for the particular subject are knowm 

5 There is no sigmficant change m blood flow 
in the foot, forearm, and calf The cardiac out- 
put, circulation tune, and basal metabolism are not 
significantly altered. 

6 The decrease an heart rate results from an 
increase in vagal tone brought about bv stimula 
tion of the carotid sinus and aortic nerves smee 
if the vagal effect is removed by atropme pare- 
dnnol causes an mcrease rather than a decrease 
m heart rate. When atropme is given before the 
injecbon of parednnol the artenal pressure, par 
hculaily the diastohc, nses to higher levels than 
after parednnol alone, 

7 The combination of mtnte and tilting to the 
upnght position pools suffiaent blood to reduce 
the paredrmol hypertension to normal. Thus if 
the artenal blood pressure nses to alarming 
heights or if headache develops, the hypertension 
can be rapidly and permanently reduced 

8. The penpheral blood flow in subjects with 
artenosclerosis and m subjects who have had a 
pr^anghomc syrajiathectomy is not mcreased by 
raising the artenal pressure head with parednnol 

9 The hypertension produced by parednnol 
may result from either or both of the followmg 
mechanisms (1) A primary mcrease m penph 
era! resistance from a direct vasoconstnetor effect 
on the minute vessels (arterioles capillanes 
venules) (2) a primary increase m venous tone 
and an emptying of the splanchnic reservoirs 
causmg mcreased venous return to the heart and 
a secondary increase m penpheral resistance. 

We with to expreu onr appreciation to Dr Reno 
Porter and Dr E, C Eppmger for detenmnations of 
the cardiac output, and to Dr Soma Weiss for helpful 
guidance and criticism of this work. The ravesUgaUon 
was earned out with the technical assistance of Miss 
Sophia M Simmons S B 
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The successful preparation of extracts of the 
adrenal cortex which possessed the property of 
maintaining adrenalectomized animals (1, 2 3) 
stimulated attempts to isolate the substance or 
substances responsible for this acbvity Rach 
stem has pomted out m his review article (4) that, 
thus, far several steroid compounds have been 
isolated from adrenal cortical extracts by Kendall, 
Reichstem Wmterstemer, Pfiflner, and Grollman. 
At least 3 of these compounds have been shown 
to be capable, on mjechon, of mamtainmg adren- 
alectomized animals m good condition (4) 

The smaU quantity of active matenal present 
m the adrenal cortex and the necessarily limited 
supply of adrenal glands restrict greatly the quan 
tlty of aystalhne material which may be obtamed 
from this natural source. The use of crystalhne 
compounds would be of distinct advantage in the 
treatment of patients with Addison's disease be 
cause of the practical difficulties encountered m 
attemptmg to prepare extracts of umform potency 
It appears that a synthebc preparation offers the 
most hkely possibihty of obtaining an adequate 
quantity of crystalline matenal possessing " cortln 
hhe properties 

In 1937 Steiger and Reichstein (5) announced 
the preparation of desoxy-corticosterone acetate 
(A* pregnene 21-ol 3 20-dione, acetate) from 
stigmasteroL Recently, Reichstem and von Euw 
(6) have succeeded m obtaining desoxy-corticos- 
terone from an extract of beef adrenals, thus es 
tabhshmg the natural occurrence of this com 
pound. The effectiveness of desoxy-corbcoster 
one acetate (synthetic) m mamtainmg bilaterally 
adrenalectomized dogs (7, 8) prompted us to in- 
vestigate the possibihty of using this compound 

1 Tbii study was aided by a grant from the Commit 
tee on Research In Endocnnofogy National Researdi 
Counoh 

s Jacques Loeb Fellow In Medidne, 


in the treatment of patients with Addison’s dis- 

< 1 < 

ease ‘ 

In this report we have studied the effect of sub- 
cutaneous or intramuscular injections of a solu 
tion of desoicy-corticosterone acetate* m oil in 8 
patients wth Addison s disease. Because of the 
known beneficial effect of added sodium salts (9, 
10) on the course of the disease, particular care 
was taken to limit the sodium chloride mtake of 
the patients dunng these studies However, in 2 
of the patients (C N and J.Z ) it was considered 
advisable to undertake desoxy-corticosterone ace- 
tate treatment, while these patients were receiving 
sodium chlondc therapy Subsequently, it was 
possible to discontinue completely the additional 
sodium chlonde therapy dunng the course of treat- 
ment with desoxy-corbeosterone acetate. 

No attempt was made to reduce the daily in- 
take of potassium (11) m any of the patients It 
19 obvious that a diet of low sodium chlonde and 
normal or lugh potassium content is not advocated 
for rJmiral application but is desirable for cnbcal 
evaluation of the effectiveness of a compound 
suspected of possessing *' cortin like ” activity 
It IS also apparent that the patient’s requirement 
of hormone on such a regimen will be much 
greater than under conditions m which the diet is 
supplemented by the addition of sodium salts, or 
restneted m potassium content 

METHODS 

All of the patients were studied on the metabolum 
ward of the Johns Hoptdns Hospital For the purpose 
of balance ttudtci each patient was provided with a 
conatant diet and a constant fluid intake, the same Items 
of food bemff fngeited each day throughotrt the period 
of mresUgation. A quantity of food luflident for a 
5-day penod was purchased at one time and an aliquot 

■The synthetic desoxy-corticosterone acetate (Per 
corten) used m this study was supplied by Messrs. Oba 
through the courtesy of Doctors K. Miescher and E. 
Oppenheimer 
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Fig 1 The Effect of Desoxy-cobticosterone Acetate Treatment on the 
Body Wmght of Patients with Addison’s Disease 


of one day’s enbre diet was analyzed for its mineral Specimens of blood for chemical analyses were with- 
contenL Since the food was prepared without added drawn under oil and without stasis from the antecubital 

seasoning, each patient ivas permitted an accurately vein, the patients havmg been fasted for IS hours pre- 
weighed quanhty of sodium chloride (3 grams daily) viously The following determinations were made 

which was added to the food immediately before being hematocrit, serum concentrafaon of sodium (12), chlo- 

ingested- ride (13) and potassium (14, IS), carbon dioxide com- 

At 10 pm. each evenmg the patients voided and were bmmg power of the serum (16), blood nonprotem mtro- 

then weighed No food or flmd was permitted dunng gen (17) and blood sugar (Fohn-Wu) 

the night At 7 a.m. before ansmg, the blood pressure Plasma volume measurements were made according 
ivas determined. The patients then voided (corapletmg to the technic of Gregersen and Gibson (18, 19) using 

the 24-hour period) and were weighed. By this method the dye, T-1824 Duplicate samples of blood for serum 

It was possible to obtain an approximate value for the were withdrawn at intervals of 20 minutes for 2 hours 

rate of msensible water loss dunng a 9-hour penod. following the mjection of the dye. The concentration 
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of the dye m the samples of icmn was detennbed by 
means of the Evelyn photoelectric colorimeter (20 21) 

Twenty four-hour urine speamens were collected, pre 
served with toluol and later analyzed for sodium (12) 
chlonde (13) potassium (14 15) InorKamt phosphorus 
(22) and total nitrogen (macro-KJcldahl) content 

Following a control period, the patients were treated 
with subcutaneous injections of a solution of desoxy 
corticosterone acetate in ofL Later desoxy-corticosterooe 
acetate treatment was discontinued for a period of from 
24 to 72 hours. The length of the withdrawal period 
was determuicd by the patients clinical cooditioa. Sub- 
sequently desoxy-corticosterone acetate treatment was 
resumed. During each of these periods the patients 
dimcal condition, body waght, blood pressure, plasma 
volume, plasma concentration, and renal cxcretkm of 
electrolytes were observed. To control the posslblt psy 
chologlcal effect of dlacontmoing and resuming treat 
ment, subcutaneous injections of a placebo were substi 
tuted for rajectlons of hormone during the withdrawal 
penods. 

OBSERVATIONS 

The specific changes which occurred as the re 
suit of desoxy-cortjcosterone acetate treatment are 
recorded m the charts and tables A more de- 
tailed account of the effect of treatment may be 
found m the r^sumi attached to the mdividual 
protocols 

Body weight 

A change in body \vcight constitutes one of the 
most sensitive indicators of a change m the dim 
cal status of patients with Addison a disease Im 
provement in clmical condition is regularly ac- 
companied by weight gam and a relapse is as 
soaated with weight loss 

In every patient treatment with desoxy-cortl 
costerone acetate resulted m a marked gam m 
body weight which parallded cUnical improve- 
ment (Figure 1) A sigmficant increase m 
weight ^vas observed within 48 hours after treat 
ment was begun Withdrawal of treatment re- 
sulted m a prompt and progressive decrease m 
weight which was assoaated "with decreased mus 
cular effiaency loss of appetite and the onset of 
symptoms of adrenal msuffiaency Institution 
of treatment at this tune prevented further weight 
loss and withm a period of 48 hours resulted m 
weight gam These sudden changes m body 
weight appeared to be directly related to changes 
m mmeral and water balance, weight gam bang 
mvanably assoaated with a retention of sodium 
chlonde and water and waght loss usually being 


accompamed by a diuresis and increased renal ex- 
cretion of sodium and chlonde Occasionally, a 
slight decrease m body naght and a diuresis were 
noted on the first or second day of treatment 
despite a retention of sodium and chlonde. This 
unexpected decrease m waght resulted from the 
marked potassium diuresis occasioned by the m- 
sbtuhon of treatment 

The diet of constant mineral and calonc content 
limited to some extent the total waght gam which 
was possible dunng the experimental penod, and 
the waght increments tabulated m Figure 1 were 
modified by the waght loss which occurred dur- 
ing the withdrawal penods 


Blood pressure 

A change m blood pressure usually accompanies 
a significant change m the chmeal status of pa- 
tients with Addison s disease although frequently 
a considerable delay m blood pressure response is 
observed both dunng remission and relapse A 
rapid increase m blood pressure from shock level 
IS usually noted m patients m crisis following ade- 
quate treatment with infusions of sodium chloride 
and glucose, or adrenal cortical extract, or follow 
ing a combination of both forms of therapy The 


TAB1.B 1 


Tks fffed of d^soxy-eortuu>sItrone actiaie trealmont on the 
licod presswg of pcHtnls mifi Addison s disease 


pEikau 

Blood pi mere* 

Prerk** 
to tnat 
WDtt 

Dvliis 

tnmt 

mestt 

Treatment 


wtm Ht 

warn Bt 


LS 

96/72 

133/80 

10 mgm daily for 120 days 

E \V 

9i;65 

130/80 

10 mgm daily for 150 days 

C N 

9S/5P 

110/70 

3 mgm dally for 40 days 

i ^ 

93/59 

106/66 

25 mgm daily for 20 daya 

P W 

92/61 

103/78 

20 mgm. daily for 20 days 

A,S, 

105/66 

IU/70 

10 mgm. daily for 30 days 


129/91 

133/81 

20 mgm daily for 8 days 

F M 

92/60 

112/70 

IS mgm daily for 90 days 


* All blood p rea cure meazuremtntt were made at 7 a m 
with the patienta resting quietly In bed The valuei In the 
table represent the average of 3 determinations made on 3 
successive days during the penod noted 

t These values represent the blood pr es sure level at the 
time desoiy-<x«rticoeterone acetate treatment was sub- 
stituted. 

} These values represent the measurements obtained 
during a period in which the patients were being maintained 
on desoxy-corticoBterone acetate, without added sodium 
diloride tnerapy i 

4 This patient was known to have 
antedated the onset of symptoms of 
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DAyso 

Fig 2 The Effect of Desoxy-corttcostebone Acetate Treatment on the 
Plasma Volume and Hematocrit of Patients with Addison’s Disease 


difficulty, subsequently, wth which the blood pres- 
sure IS raised to a normal level and mamtained at 
that level is well known 

Treatment with desoi^-corticosterone acetate 
(3 to 25 mgm daily) for penods of from 8 to 50 
days resulted m increased blood pressure in all of 
the patients (Table I) In 1 patient (F M ) no 
increase in blood pressure was observed until 
treatment had been continued for more than 20 
days In all instances an increase in blood pres- 
sure U'as assoaated with increased strength, un- 
proved appetite, and sense of well-being 

Pulse rate and body tmnperahire 
Treatment with desoxy-corhcosterone acetate 
resulted in no appreaable change m either the 


pulse rate or body temperature m 6 of the pa- 
tients In 2 patients, continued daily injections 
of 20 to 25 mgm of desoxy-corticosterone acetate 
m sesame oil (4 to 5 cc of oil daily) resulted, 
after 15 to 20 days of treatment in an increased 
rectal temperature (101° to 102° F ) and in 
tachycardia Withdrawal of treatment was ac- 
compamed by a rapid return of temperature and 
pulse rate to normal Subsequently, injections of 
the same quantity of desoxy-corticosterone acetate 
in sesame oil (4 to 5 cc ) again resulted in a 
febnle response The mtradermal mjechon of 
sesame oil alone "was followed by a very marked 
local skin reaction in these patients In control 
subjects, a negative skin reaction was observed 
with the same quantity of oil Other patients 




DESOXY-CORTICOSTERONE IN ADDISON S DISEASE 


453 


TABLE n 


The effect of desoxy-corttccsterone nceiate m ike totai plasma conUnt of sodium cklmde, and pctasstum 


Palient 

B«lcr« trtitraciit 

Ditrlag tmtment 

Withdrawal ot tnatment 

48 to 72 boon 

Treatment restored 


Ptuma 

volume 

Tetid 

plum* 

coateat 

Pluma 

lerel 

Plusni 

Tolome 

Total 
pUama 
coo tent 

Plasma 

Icvd 


Total 

pLainta 

content 

Plasma 

knl 

content 


Total 

plasma 

content 

m 

P€r 

liur 

Na 138 5 


* 

Na 378 0 

m te f*r 

liter 

Na 141 8 


m *9 

Na 476 8 

m ti per 

liter 

Na 140 4 

ee. 

M ef 

Na 455 0 

M e* 

Na 142 7 

ee. 

M <« 

Na 490 8 


a 

964 

2730 

a 263 2 


3370 


a 

97 6 


a 316 1 

a 95 8 

3440 

Cl 329 6 

WM 

K 



K 17 7 

K 61 


K 20 6 


7 1 


K 229 

K 67 


K 23 1 

E, V 

Na 134 8 



Na 142 7 


Na 449 0 

Na 137 4 



Na 139J 


Na 451 5 


a 

101 2 

2720 

a 275.2 


3150 

Mllll!. 

a 

968 


Cl 285 4 

MBUltC! 

3240 



K 

4J 


K 114 

K 56 


K 17 8 

K 

49 


K 14.5 

K 49 


K 15 9 

F M 

Na 135 6 


Na 282 7 




Na 137 4 


Na 397 5 

Na 139.2 


Na S43.S 


a 

92 8 

2085 

a 193 7 


3300 

Cl 322 4 

a 

96 4 


Cl 278.5 

IMBlOr 

3900 

a 394 8 

1 

K 

67 


K 13 9 

QIQ 


K 13 8 

K 

62 


K 18 1 

K 67 


K 26 0 


Na 135 2 


Na 350 0 



Na 493 6 



Na 457 1 

Na 139 7 


Na 475 0 

HI 

a 

97 2 

2585 


BKiSjf 

3500 

niim' 


EQK 



fSmww 

3400 

lacaftl 

HI 




K 16 1 



K 24 5 




K ' 

K 78 


K 26 5 

C N 



Na 213J 



Na 348 0 

Na 134.2 


Na 295.3 

Na 138 2 


Na 315 1 


a 


1620 

a 154 0 

a 102 6 

2540 


IS 

998 


a 2196 

a 104 4 


a 238 0 


Q 



K 81 

K 59 


K 15 0 


59 


K iT? 

K 66 


K 15 0 

mm 

Na 133J 


Na3ie8 

Na 139 6 


Na 378 J 

Na 128 7 


Na35«0 




HI 

a 

9<4 

2390 

a 2301 


2710 



1022 







K 

44 


K 10 6 

K 52 


K UJ 


5.2 


K 14 6 


H 


p w 


■I 

Na 237 8 

Na 139J 


Na 386 8 

■ 

n 

n 


^■H 




m 

mm 

1865 

inWEglil 

IWWMll 



m 








IB 

li 


K 11 6 

K SO 


K 14 0 

■ 

m 

■ 

mi 


■ 


J Z. 



Na 249 0 

Na 138 7 


Na 320 6 

i| 





■| 





1 1900 

a 174J 

a 968 

2330 


■ 








IB 

H 

■ 

K 11 6 

K 60 


K 13 9 

■ 

■ 

■ 

■ 

■1 

■ 



who had been injected with the same preparation 
but in whom no unto^vard symptoms had been ob- 
served were found to have either sbghtly positive 
or negative mtradermal tests 

Plasma volume 

In a previous study (23) it was shown that an 
increase in plasma volume occurred in pabents 
with Addison's disease fotlowmg treatment with 
adrenal cortical extract It is well known that a 
reduction m plasma volume with consequent herao- 
concentrabon regularly accompames a relapse 
Desoxy-corbcosterone acetate treatment was as- 
soaated with a marked increase m plasma volume 
(350 to 1300 cc.) m all of the patients (Figure 2 
and Table II) Withdrawal of treatment (48 


hours or more) resulted in an appreaable reduc- 
tion in plasma volume, resumpbon of treatment 
restored the plasma volume to normal Changes 
in hcmatocnt corresponded closely to the changes 
in plasma volume. 

Total blood volumes (Table III) were calcu- 
lated from the plasma volumes and hematocrit de- 
terminaboQs (19) Before treatment with de 
Eo^-corfacosterone acetate it was observed that 
the values for 5 of the pabents were considerably 
lower than the values given by Gibson for normal 
individuals of the same surface area (24) 
Treatment with desoxy-corbcosterone acetate re- 
sulted in a marked increase in the blood volume of 
these pabents so that the values after treatment 
approximated normal In one pabent (F M , 
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TABLE m 

The effect of desoxy-corltcosierone acetate treatment on the 
total blood volume of patients mfh Addison's disease 



PrevioQs to treatment with 

During treatment with 


desoxy-corticosterone 

desoxy-corticosterone 



acetate 



acetate 


Patient 


Ei- 

Ac- 

Per 


Ei- 

Ac- 

Per 


Surface 

pected 

blood 

tual 

blood 

cent 

of 

Surface 

pected 

blood 

tual 

blood 

cent 

of 



vol 

vol 

nor* 


vol 

vol 

nor 



ume* 

ume 

mal 


ume 

ume 

mal 


square 

meters 

cc. 

cc. 


SQUctre 

meters 

cc. 

cc 


I S 

1 72 

5050 

5200 

103 

1 76 

5200 

5500 

105 

E V 

1 60 

4560 

3740 

80 

1 67 

4850 

4940 

102 

F M 

1 68 

4900 

3880 

75 

1 71 

5000 

5730 

list 

A S 

1 70 

5000 

4310 

86 

1 73 

5100 

5430 

107 

C N 

1 61 

4100 

3180 

75 

1 67 

4150 

3960 

95 

J P 

169 

4180 

4210 

101 

1 70 

4200 

4200 

100 

P W 

1 49 

4000 

3600 

90 

1 54 

4300 

4200 

97 

J z 

1 38 

3300 

3460 

105 

144 

3700 

3640 

98 


* Calculated by the method of Gibson for normal mdi- 
viduals of the same surface area 
t Refer to text (Plasma volume) 

Figure 2) it was apparent that the optnnum dose 
of desoxy-corticosterone acetate had been ex- 
ceeded since his total blood volume increased to 
115 per cent of tlie calculated normal With a 
-duction in the dose of desoxy-corticosterone ace- 
tate the blood volume has returned to approxi- 
mately 100 per cent of the expected normal 


though considerable climcal improvement rvas 
noted dunng this penod (Figure 3) The total 
plasma content of sodium and chlonde, however, 
was greatly increased as the result of increased 
plasma volume In 1 patient a nse in the plasma 
concentration of sodium and chlonde preceded a 
demonstrable increase in plasma volume In this 
instance the total plasma content of sodium and 
chlonde was increased as a result of the increased 
concentration of these ions Improvement in the 
chmcal condition of the patients was assoaated in 
every instance ivith an increase in the total plasma 
content of sodium and chlonde whereas with- 
drawal of treatment and the subsequent develop- 
ment of signs of adrenal insuffiaency were m- 
vanably associated with a reduction m the total 
plasma content of these ions 

Desoxy-corticosterone acetate treatment re- 
sulted in a reduction in the plasma concentration 
of potassium in those patients m whom the con- 
centration of this ion was elevated Changes m 
tlie total plasma content of potassium as a result 
of treatment with desoxy-corticosterone acetate 
were vanable (Table II) masmuch as the effect 
of the hormone in lowenng the concentration of 
potassium was more than balanced by the in- 
creased plasma content resulting from the aug- 
mented plasma volume 


Plasma electrolytes 

Severe adrenal insuffiaency is usually assoaated 
with a marked reduction in the plasma concentra- 
tion of sodium and chlonde and an increase in the 
concentration of potassium (9, 10) It has been 
noted (23) that treatment with adrenal cortical 
extract may result m considerable improvement 
in the chmcal condition of patients with Addison's 
disease before an increase in the plasma concen- 
tration of sodium and chloride may be detected 
However, a considerable increase in the total 
plasma content of sodium and chlonde may be 
demonstrated at this time as a result of the in- 
crease in plasma volume (23) 

Desoxy-corticosterone acetate treatment re- 
sulted in a restoration of the plasma sodium and 
chlonde concentration to normal levels in all of 
the patients (Table II) It is interesting to note 
that in 1 of the patients (E V ) no increase in 
plasma concentration of sodium or chlonde oc- 
curred dunng the first week of treatment al- 


Sodtum and chlonde balance 

It has been shown that in patients with Addi- 
son’s disease, treatment with adrenal cortical ex- 
tract results in a posibve sodium and chlonde 
balance (23) Withdrawal of adrenal cortical ex- 
tract treatment is associated with a diuresis, an 
increased excretion of sodium and chlonde and 
weight loss Since in the absence of diarrhea or 
excessive sweatmg, approximately 95 per cent of 
ingested sodium and chlonde is excreted in the 
unne, the renal excretion of these ions under these 
conditions may be used as a basis for calculating 
balance 

Treatment with desoxy-corticosterone acetate 
resulted in a marked retenbon of sodium in 7 of 
8 pabents (Figure 4, Table IV) Withdrawal of 
treatment resulted in a marked negabve balance, 
and resumpbon of treatment resulted in sodium 
retenbon in all Changes in chlonde balance cor- 
responded closely to the changes observed in so- 
dium balance 
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Fic. 3 The Eftect or DESoxY-coKncosTOOHE Acetate Theatoekt on 
THE Concentration and Total Quantity or Plasua Sodium CHLoamt, 

AND Potassium * 

* Refen to a ringle dally mtramuscnlar hijection of desoxy-cortlcostcroTie acetate In ie«rae dL 

cxcreiton of potasstutn inorganic phos excretion of potassium dunng the first 2 to 4 
phorus and total nitrogen days of treatment (7 patients) The average m- 

In all of the patients withdrawal of desoxy- dunng this penod ranged from 9 to 65 

corticosterone acetate treatment was associated m «1 per day When desoxy-corbeosterone ace 
with a decreased renal excretion of potassium. »»te treatment was substituted for adequate ad 
This effect was similar to that observed m patients cortical extract therapy no alteration in po- 

treated mth adrenal cortical extract (23) The tassium excretion ivas noted 
average reduction in excretion follovnng desoxy- Following desoxy-corticosterone acetate treat 
corticosterone acetate treatment ranged from 4 to ment ehanges m the excretion of inorgamc plios- 
20 m eq daily dunng the withdrawal penod In phorus were sumlar to but not nearly so striking 
stitution of desoxy-corticosterone acetate treat- as the changes observed in potassium excreh"" 
ment resulted in a marked increase in the renal During the penod of hormone withdrawal 
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TABLE IV 

Thi effect of desoxy-cortKosierone acetate treatment on sodtttm 
and clilortde balance 


Patient 

Previoaa to 
treatment 

During 1 
treatment 

WIthdrawaJ, 

of 

treatment 

Treatment 

restored 

J S 

m cq i?er day | 

Na -f 2 4 1 

m eq ptr 
day 1 

+75 3 

m eq per 
day 

- 19 7 

w* eq Per 
day 

+38 9 


01+35 

+60 9 

- 10 

+23 7 

E V 

Na -123 8 

+35 4 

-129 4 

+36 3 


Cl -128 8 

+34 8 

- 87 7 

+374 

F M 

Na - 57 2 

+47 9 

- 70 6 

+39 5 


Cl - 82 6 

+ 57 

- 97 7 

- 43 

A S 

Na 

+25 9 

- 42 5 

+53 4 


Cl 

+28 9 

- 28 3 

+33 7 

C N 

Na - 67 6 

+914 

-112 2 

+48 8 


Cl - 72 8 

+92 0 

- 99 0 

+44 2 

J P 

Na - 17 3 

+77 2 

- 76 

1 +37 8 


Cl - 32 8 

+ 70 8 

- 26 0 

[ +42 8 

P W 

Na - 50 3 

+63 4 


i 


Cl - 57 0 

+37 6 



J z 

Na 

- 23 

- 63 1 

+ 98 


Cl 

- 50 

- 48 0 

1 

+ 28 


average decrease m inorganic phosphorus excre- 
tion ranged from 50 to 300 mgm per day (6 pa- 
tients) Dunng the first 4 days of treatment 
follovnng a withdrawal penod, an increased ex- 
cretion of from 60 to 300 mgm daily of inorgamc 
phosphorus ivas noted (7 patients) 

Changes in the renal excretion of total mtrogen 
following desoxy-corticosterone acetate treatment 
were neither stnkmg nor consistent 

Carbohydrate metabolism 

The difficulty in obtaining satisfactory data 
(glucose tolerance test, insuhn sensitivity, epme- 
phnne response, and respiratory quotients) dur- 
ing the untreated control penods of patients with 
Addison’s disease has hindered thus far any care- 
ful study of the effect of desoxy-corticosterone 
treatment on carbohydrate metabohsm Blood 
sugar determinations in the fasting state (8 pa- 
tients) preceding treatment with desoxy-corticos- 


terone acetate averaged 79 mgm per cent (73 to 
88 mgm per cent) , dunng the initial penod of 
treatment with desoxy-corticosterone acetate an 
average value of 77 mgm per cent (58 to 88 mgm 
per cent) was observed , dunng a penod of treat- 
ment (6 patients) the average value was 79 mgm 
per cent (64 to 92 mgm per cent) , following the 
resumption of treatment (4 patients) the average 
blood sugar level vras found to be 79 mgm per 
cent (63 to 96 mgm per cent) 

In 2 of the patients (J Z and C N ) the ad- 
mimstration of 1 75 grams of glucose per kgm 
of body weight was followed by a flat blood sugar 
curve although the patients at that time appeared 
to be in good condition 

The blood sugar values following the admims- 
tration of glucose orally to bilaterally adrenalec- 
tomized dogs treated with desoxy-corticosterone 
acetate and maintained on a diet of low sodium 
and chlonde content were not significantly differ- 
erent from the values obtained in normal dogs 
mamtamed on a similar diet (25) 

Blood nonprotein nitrogen 

In adrenalectomized dogs the nonprotein mtro- 
gen level of the blood is a sensitive indicator of a 
change in the animal’s condition In patients ivith 
Addison's disease, unless comphcated by a renal 
lesion, a sigmficant nse in blood nonprotein nitro- 
gen IS rarely observed unless accompamed by 
rather marked dehydration 

In the 8 patients studied in this report, the 
average blood level of nonprotan mtrogen upon 
instituting desoxy-corticosterone acetate treatment 
was found to be 34 mgm per cent (29 to 40 mgm 
per cent ) Treatment with desoxy-corticosterone 
acetate resulted m no sigmficant change 

Pigmentation 

Except for the changes in color which resulted 
from increased hydration no alteration in pigmen- 
tation has as yet been observed m any of the pa- 
tients following treatment with desoxy-corticos- 
terone acetate (2 to 5 months) 

Dosage and mode of administration 

The desoxy-corticosterone acetate used in these 
studies was prepared m oil of sesame, 5 mgm of 
the compound being contained m 1 cc of oil In- 
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Fig. 4 The Ettect of DuoxY-coamcosmoHE Acetate 
TbEATITEWT oh the PiENAE ExOtEHOH OF ELECntOL\‘TES IH A Pa 
TIEKT WITH AmnsON 3 DISEASE* 


jections were made subcutaneously or intramuscu 
larly and usually once daily, since anunal cxpen 
ments (8) mdicated that the matenal m oil boIu 
tion has a prolonged action (24 hours) In most 
patients a single daily injection of 2 to 10 mgm 
daily \vas suffiaent for maintenance when added 
sodium chloride therapy was employed The 
withdrawal of sodium chlonde therapy (10 to 20 
grams of NaCI daily) mcreases the reqinreraent 
of desoxy-corticosterone by approximately 10 

♦Refers to a single daily intramuscular Injectwo of 
desoxy-corticosterone acetate in sesame oii Ihirfug this 
•tody the patient was provided with a constant diet which 
was foimd to contain by analysis, 123^ nLeq of sodium, 
123£ m.eq of chlonde, 554 imeq of potassiuni, 124 
gnuni of total phosphorus and 727 grams of total 
mtrogciu 


mgm daily A quantity as great as 30 to 35 mgra 
daily has been injected intramuscularly with no 
imtoward effect 

The continued daily injection of more than 3 
cc of sesame oil was attended by the development 
of fever, tacltycardia and malaise in 2 patients 
The withdravr-al of treatment resulted m a prompt 
disappearance of these signs and symptoms It 
was shoivn that m these patients this untoward 
reaction was due to the injection of sesame oil 
since the mtradermal injection of oil alone resulted 
in a very marked positive skin reaction and in 
patient in a febrile response and smce the tub 
cutaneous implantation of 200 mgm of crystal 
line desoxy-corticostcrone acetate v.*as assoaatci 
Avith no systemic or local reaction ^ 2 
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tients it \vas possible at a later date to maintain 
them successfully on injections of the same prep- 
aration of desoxy-corticosterone acetate in oil by 
resuming treatment with very small intramuscular 
mjections and slowly increasing the daily dose 
It IS also possible to prepare desoxy-corticosterone 
acetate m a solution of peanut oil 

The prolonged action of the compound follow- 
ing its intramuscular injection permits effective 
therapy with a smgle daily mjecbon It should 
be noted that in the cnsis of adrenal msuffiaency 
immediate treatment with intravenous sodium 
chlonde and glucose solution, and an aqueous 
preparation of adrenal cortical extract should ac- 
company intramuscular injections of desoxy-cor- 
ticosterone acetate in oil since several hours may 
be required for the absorption of the latter 

Studies thus far indicate that m both adrena- 
lectomized dogs and patients with Addison’s dis- 
ease 1 mgm of a solution of desoxy-corticosterone 
acetate m oil is equivalent m effect to approxi- 
mately 3 cc of a potent commercial adrenal cor- 
tical extract,* under conditions m which the 
desoxy-corticosterone acetate in oil is admimstered 
as a smgle daily intramuscular injection and the 
adrenal cortical extract is given subcutaneously in 
divided doses throughout the day 

DISCUSSION 

It appears that in its effect on patients with Ad- 
dison’s disease, desoxy-corticosterone acetate treat- 
ment simulates quahtatively the action of adrenal 
cortical extracts These observations confirm 
those of Levy-Simpson (26) The potency of 
desoxy-corticosterone acetate, the constancy and 
umformity of the preparation, and the prolonged 
period of action following a smgle injection con- 
tnbute greatly to the success which has attended 
its use 

The increase in body weight and the elevation 
of blood pressure following continued treatment 
mth this compound have been umformly consis- 
tent and staking Another pronoimced effect of 
treatment is a rapid restoration of plasma volume 
to normal Determinations of the sodium and 
chlonde concentration of the plasma demonstrate 

* The authors wish to acknowledge the generous supply 
of Wilson adrenal cortical extract which was provided 
for this study by Doctor David Klein, Wilson Labora- 
tones, Chicago, Illinois 


that frequently the concentration of these ions 
does not correlate with the chnical condition of the 
patient It appears that m all patients adequately 
treated one may expect a restoration of the plasma 
concentration of electrolytes to normal How- 
ever, dunng the development of the signs and 
symptoms of adrenal insufficiency and dunng the 
early penod of treatment, one may observe httle 
or no correlation between the plasma concentration 
of sodium and chlonde and the climcal state of 
the patient, but the plasma volume and the total 
plasma content of sodium and chlonde follow 
closely the changes observed m the condition of 
the patient 

Because of the very marked sodium and chlo- 
nde retaining effect which follows treatment with 
desoxy-corticosterone acetate it is possible to pro- 
duce edema in patients given an excess of hor- 
mone and sodium chlonde therapy Reduction of 
either the sodium chlonde intake or the quantity 
of desoxy-corticosterone acetate results in a 
prompt diuresis and a disappearance of edema 

Patients with Addison’s disease m whom active 
tuberculosis exists (J Z and AS) present an 
added problem Because of the marked improve- 
ment in the general clinical condition of these pa- 
tients as a result of treatment with desoxy-corti- 
costerone acetate, an attempt is being made to 
improve the tuberculous lesion by means of sana- 
tonum care 

The close chemical relationship which exists be- 
tween desoxy-corticosterone (21-hydroxyproges- 
terone) and progesterone suggests that a sex hor- 
mone effect might possibly be induced by injec- 
tions of large quantities of desoxy-corticosterone 
acetate Thus far, however, changes m the 
breasts or in the menstrual cycle have not been 
observed in 3 female patients treated with daily 
injections (2 to 20 mgm daily) of desoxy-cor- 
ticosterone acetate It is of interest that in earher 
studies it was shown (26) that injections of crys- 
tallme progesterone exerted an effect m normal 
and adrenalectomized dogs which was quahtatively 
similar to that which occurred following mjections 
of adrenal cortical extracts The marked “ cortin- 
hke” effect which desoxy-corticosterone (21-hy- 
droxyprogesterone) possesses indicates again the 
close relationship which exists between the hor- 
mones of the adrenal cortex and the corpus luteum 

It can not be stated from these studies that 
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desoxy-corticosterone acetate exerts any specific 
effect upon carbohydrate metabolism If the dis- 
order of carbohydrate metabolism in adrenal m- 
sufifiaency is dependent upon altered sodium, 
chloride, and potassium metabolism (28) one 
might expect the disorder to be corrected by 
desoxy-corticosterone acetate therapy smee so 
dium chlonde, and potassium metabohsm are ap- 
parently restored to normal In patients m whom 
adrenal medullary destruction accompanies cor- 
tical defiaency one would not expect deso3^- 
corticosterone acetate treatment to alter any 
change m carbohydrate metabohsm which re 
suited from a defiat of epinephnne seercbon 
Uirtil more definite mformabon is obtamed, it 
seems highly desirable to mclude in the treatment 
of all patents with Addison s disease a diet high 
m readily available carbohydrate. There appears 
to be no mdicabon for reducing the potassium con 
tent of the diet of patents adequately treated with 
desoxy-cortcosterone acetate. 

One of the remarkable changes which success- 
ful treatment introduces is the potentiality of hav- 
ing patents develop rather acutely the signs of 
adrenal insufficiency when therapy is discontmued 
suddenly even for as short a penod as 72 hours 
This effect has also been observed m patents fol- 
lowing the sudden withdrawal of adequate quanti 
tics of adrenal cortcal extract or sodium chlonde 
therapy The sudden withdrawal of adequate 
treatment results m a marked diuresis, an increase 
m the renal excreton of sodium and chlonde, po 
tassium retenton, a decrease m plasma volume, 
and a decrease m the total plasma content of 
sodium and chlonde, Withm 72 hours after the 
withdrawal of treatment, signs and symptoms of 
acute adrenal insufficiency may appear In this 
respect an adequately treated patent responds to 
the sudden withdrawal of treatment in a manner 
very similar to the response of normal ammals to 
bilateral adrenalectomy Although cxpenraental 
evidence (29) indicates that atrophy of the ad 
renal cortex may follow intensive hormone therapy 
in normal animals it is not likely that this is of 
clinical sigmficance since well developed symptoms 
of Addison s disease rarely occur until extensive 
destructon of adrenal cortcal tissue is present 
At present it would seem entrdy unjustifiable to 
withhold substtuhon therapy from a patent with 
Addison s disease, in whom the admimstraton of 


sodium salts or a diet of low potassium content 
did not permit the resumpton of normal activity 

Although the effect of treatment with this hor- 
mone has been umforraly stnking m all of the 
patents, it is realized that the penod of treatment 
in many instances Is too short to do other than 
demonstrate the nature of the changes produced 
In all of the patents, the effect of dcsoxy-cor- 
tcosterone acetate treatment was observed dunng 
at least 1 penod m which no sodium chlonde 
therapy was added, and m 5 patents (E V , C N , 
AS F M and J S ) an attempt is being made to 
mamtain these patents over long penods of tme 
with no treatment other than desoxy-cortcosterone 
acetate alone 

SUXIMARY 

Intramuscular injections of a soluton of syn 
thehcally prepared desoxy-cortcosterone actetate 
m oil (2 to 30 mgm, daily) resulted m marked 
improvement in the clinical conditon of 8 patents 
with Addison s disease dunng a penod in which 
addid sodium ehlondc therapy was withheld The 
changes assoaated with desoxy-cortcosterone ace 
tate treatment were (a) increase in body weight, 
(b) elevaton of blood pressure, (c) Increase m 
plasma volume, (d) restoraton of plasma concen 
tnihon of sodium, chlonde and potassium to 
normal levels (e) positve sodium and chlonde 
balance, (/) mereased renal excreton of potas- 
sium and morgamc phosphorus, (g) improved 
muscular strength and sense of well being 

Withdrawal of desoxy-corticosteronc acetate 
treatment (48 to 72 hours) resulted in (a) weight 
loss (b) decrease m plasma volume, (c) decrease 
in total plasma content of sodium and chlonde, 
(d) a negahve sodium and chlonde balance (e) 
retenton of potassium and inorganic phosphorus, 
(/) muscular weakness, (p) loss of appettc, and 
(/i) the appearance of symptoms of adrenal m 
sufficiency Resumpton of treatment again re- 
sulted in marked improvement and m the speafic 
changes noted above- 

CONCLUSTONS 

Intramuscular mjectons of synthetcally pre- 
pared desoxy-cortcosterone acetate appear to re- 
produce in patents with Addison s disease all of 
the known effects of treatment with potent ad 
renal cortcal extracts It is possible to maintain 
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patients ivith Addison’s disease in excellent con- 
dition by means of this treatment without added 
sodium chlonde therapy 

The authors are mdebted to Miss Mildred Caldwell, 
Supervisor of the Metabolism Ward, Miss Elizabeth 
Olsen, Dietiaan-in-charge of the Metabolism Ward, Mrs 
Florence White of the Biochemical Laboratory of the 
Johns Hopkins Hospital, Harry Eisenberg, Kay Eisen- 
berg, and William Sause of the Chemical Division of 
the Department of Medicine, Johns Hopkins Medical 
School for their technical assistance and continued 
cooperation 

PROTOCOLS OP PATIENTS 

J Z (Number 155645), a 19-year-old Italian boy, was 
adrmtted to the Johns Hopkms Hospital on October 27, 
1938 with a diagnosis of Addison’s disease. His illness 
began m the sprmg of 1936 with the gradual onset of 
loss of strength, appetite and weight, and a slowly pro- 
gressive generalized brown pigmentation of the skin. In 
September 1936 he began to have persistent votmting 
At this time a diagnosis of Addison’s disease was made 
and treatment wth sodium chlonde and adrenal cortical 
extract was begun He improved promptly and smce 
that time has been maintained m fair health on a high 
sodium chloride mtake and 1 to 2 cc of adrenal cortical 
extract® (40 to 80 grams fresh adrenal cortex) daily, 
mjccted subcutaneously On several occasions during the 
past 2 years he has required mtravenous saline, and has 
continued to be markedly underweight In 1937 tubercle 
baalh were found m his unne Dunng his illness the 
patient had lost 25 pounds m weight 

In 1928 the patient’s brother died of tuberculosis and 
in 1930 his mother died of the same disease. Another 
brother and sister were sent to a preventonum m 1933 
as tuberculosis suspects, although the disease was never 
proved in these siblmgs 

Physical examviation on admission, October 27, 1938, 
revealed a thin, poorly nourished and underdeveloped 
white boy, appearing weak and tired His temperature 
was 99 4° F , pulse rate 88 per minute, respirations 18 
per minute, and blood pressure 90/50 mm Hg The slon 
was dry and pale, and there was generalized diffuse 
brownish pigmentation over the neck, trunk and extremi- 
ties becoming almost black over the knees, thighs, and 
gluteal folds Small cervical and axillary lymph nodes 
were palpable but there was no general glandular enlarge- 
ment The lungs were clear and the heart normal 

The laboratory data on admission were as follows 
hemoglobin 48 per cent (115 grams), red blood cells, 
3 69 million, hematocrit 34 per cent cells, white blood 
cells 4,760 with polymorphonuclears 68 per cent, lympho- 
cytes 22 per cent, monocytes 10 per cent The sedimenta- 
tion rate was 25 mm in 1 hour, corrected. The blood 
Wassermann u as negafave. The blood nonprotem mtro- 
gen was 40 mgm per cent and blood sugar 70 mgm per 
cent The serum COj combming power was 43 8 volumes 
per cent, the serum concentration of sodium 131.2 meq, 

® Wilson and Company adrenal cortical extract. 


chloride 91 8 m eq , and potassium 6 08 m cq per liter 
The total serum protein was 12 grams 

The urine ivas found to have a specific gravity of 
1 020 and contained a trace of albumin and many leuko- 
cytes but no red cells or casts Add fast bacilh were 
obtained from urme specunens both by culture and guinea 
pig moculabon 

An x-ray of the chest showed inactive fibroid infiltra- 
bon m the left apex. In a flat plate of the abdomen, 
calaum shadows were visible m both suprarenal regions, 
and stereoscopic x-rays of the skull showed numerous 
calaum shadows scattered throughout the bram which 
were interpreted as being healed tubercles 

The basal metabohc rate was plus 18 per cent. On 
December 17, a phenolsulphonthalem test showed a dye 
excrebon of 30 per cent m 30 mmutes and 52 per cent 
at the end of 2 hours An electrocardiogram gave a 
normal tracmg 

Risumi of treatment with desoxy-corltcosterone ace- 
tate Because of the presence of an acbve tuberculous 
lesion of the urmary tract and the very poor clinical 
condibon of the pabent 15 grams of added sodium chlo- 
nde were conbnued dunng the msbtution of desoxy- 
corbcosterone acetate treatment (20 to 30 mgm. daily) 
This treatment resulted m marked improvement m the 
patient’s general condibon, increased appebte and sense 
of well-being, marked mcrease m weight, and mcreased 
blood pressure. Two weeks after desoxy-corbcosterone 
acetate treatment had been insbtuted, the added sodium 
chlonde was enbrely disconbnued, the pabent's progress 
being maintained successfully by means of desoxy- 
corticosterone acetate treatment alone. Subsequently, 
withdrawal of desoxy-corbcosterone acetate treatment 
resulted m a rapid onset of the symptoms of adrenal 
msuffiaency At this bme resumpbon of desoxy- 
corbcosterone acetate treatment without added sodium 
chloride resulted m marked improvement m the pabent’s 
climcal condibon (Data are given m the corresponding 
charts and tables of the text.) 

After bemg mamtamed successfully for 20 days by 
means of desoxy-corbcosterone acetate treatment alone 
(25 to 30 mgm daily) an attempt was made to determme 
the requirement of hormone when sodium chlonde treat- 
ment was added (sodium chloride therapy alone had never 
been sufflaent to mamtam this pabent) It was found 
that a single daily mjection of 5 mgm of desoxy-corb- 
costerone acetate daily was suffiaent for this pabent when 
IS grams of sodium chlonde were added to his diet At 
present he is bang treated successfully by this means 
and an attempt is bang made to treat the acbve tuber- 
culous lesion m the genito-urinary tract 

A S (Number 151599), a 32-year-old white male 
bookkeeper, was admitted to the Johns Hopkms Hospital 
September 12, 1938, complaimng of weakness, nausea, and 
vomiting The pabent dated his present illness from 
October 1935 when he fractured 3 lumbar vertebrae as 
the result of a fall He was hospitalized for 6 weeks 
at that bme and never regained his sbength completely 
In December 1935, his nght wnst became swollen and 
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paWal and has continued to be ttiff ever rince. In Jaira 
ary 1936 he had an attack of pleurisy with pain in the 
nght chest, night sweats and fever lasting 11 days 
Thereafter he continued to feel weak, he tired easily 
and his appetrte was markedly decreased- In July 1936 
be developed epididymitis on the right side which re- 
quired indtion and drainage. A draining sinus has per 
sisted ever since. Six months before admission he began 
to lose weight Weakness and exertional dyspnea became 
more marked and he noticed dixiineis on bending over 
and had frequent attacks of nausea and vomltifig Dttr 
ing this penod a progressive deepening te the color of 
the skm of hU face, neck, and arms became apparent 
He lost 13 6 kgm. in the cotirie of his illness, 

Phytieal examinahon on September 12 1938 revealed 
a thin man, appearing tired and weak. HU temperature 
was 99.8 F., pulse 96 per minute, respiratiofis 16 per 
minute and blood pressure 100/64 mm. Hg There was 
diffuse light brownish pigmentation of the skin of the 
face, neck, arms hands, nipples, and genitalia with 
splotchy pigmentation over the back and hips- Some 
pigmentation was noted Just Inside the Up margins. 
Coarse broochial rSlcs were heard scattered throughout 
both lungs but there was no change in resonance or 
breath sounds. The heart was normal and the abdomen 
Dcgatrvc. The nght epididymU was enlarged, firm and 
•lightly tender and 2 scars were present on the scrotum 
from both of which drained a small amount of tcrotts 
discharge. The prostate was moderately enlarged, ten 
der and mdurated The nght wrUt was stiff and painful 
on motion or pressure. 

The laboratory data on admissioci were as fotlowi 
The red blood cells were 4 96 urilLion, hemoglobin 94 per 
cent (13,7 grams) white blood cells 10,320 with 51 per 
cent polymorphoooclears, 39 per cent lymphocytes, 3 per 
cent monocytes 6 per cent eosinoi^ds and 1 per cent 
basophils. The volume of padeed red cells was 43 per 
cent The blood Wassermann was negatiTe. The blood 
nonprotcln nitrogen was 40 mgm per cent blood sugar 
75 mgm, per cent, plasma COj combining power 39.3 
volumes per cent, and total pUima protem 706 grams 
per cent The serum concentration of sodium was 122S 
ULcq per liter and of chloride 88.6 m.cq. per bier 
The unne examlnatioa revealed a spedfic gravi^ of 
1 010 a trace of albumin and no sugar Microscopic ex 
animation showed 3 to 5 red blood cells and 50 to 60 white 
blood cells per high power held and an occasional hyalin 
cast Aad fast organisms were recovered from the urine 
on culture and guinea pig Inoculation, An electrocardio- 
graphic traang was norroaL 
X rays revealed 6broid Infiltration of both apices doe 
to quiescent tuberculosis no adrenal calafication and a 
destructive arthritis of the right wnst The basal meta 
bolic rate was + 1 per cent A phenolsulphonj^tbaldn 
test showed 25 per cent excretion of the dye In oce-haU 
hour and SO per cent In 2 hours The tuberculin test 
was negative in dilutions up to 1 10000 
In an attempt to establish the diagnosis of Addisons 
disease the patient was placed on a constant diet and 


after a d-day control period the sodium and chloride bal 
ance was studied during the injection of adrenal cortical 
eactract (8 cc. which contained the equivalent of 400 
grams of fresh gland) administered daily for 3 days m 
divided doses subcutaneously During the penod on ex 
tract there was a definite retention of sodium and chlo- 
ride which was followed by a marked loss when ex 
tract was discontinued. 

The patient was then placed on a high sodium chloride 
intalm and 2 cc. of adrenal cortical extract* (100 grams 
of fresh gland) were administered subcutaneously each 
day On this regimen he gained weight, his appetite in- 
creased, nausea disappeartti, and the blood electrolytes 
returned to normal NTdoes. 

It was felt that the diagnosis of Addisons disease 
was definite and that, in addition, the patient had tu 
berculosis of the prostate and epididymis and an old 
tubcrcnlons arthritis of the nght wrlsL On November 
15 1938, this patient was readmitted for trial of desoxy 
cortKxistcroDc acetate therapy 

Ritumf of treatment mth desoxy corticosterone ace 
tate Blood examination on admission revealed the fol 
lowing values serum sodium 139J m,eq., scrum chloride 
994 m.eq and serum potassram 7 08 m.cq. per liter 
carbon dioxide combining power 54 1 volumes per cent, 
nonprotem nitrogen 31 mgm. per cent, sugar 78 mgm- 
per cent, hematocrit 40 0 per cent ccUi, and total protdn 
6.68 grams per cent Desoxy-corticostcrooc acetate treat 
moot (20 mgm. dally) was substituted for the combined 
sodium chloride and extract treatment The patent felt 
well, gained waght, and showed a striking gain b 
plasma volume. Withdrawal of desoxy-corticosterone 
acetate treatment resulted in vmght loss, decreased ap- 
petite, hemoconcentration, a Icnvering ctf the serum con 
centration of sodium and diloride, a marked dhircsU, 
and increased renal exc retion of sodium and chloride. 
Again, treatment with dcsoxy-cortlcosteronc acetate (20 
mgm, dally) without added sodium chloride or extract 
therapy resulted in marked gain In waght and unproved 
clinical staho, (Data are given in the corresponding 
charts and tables in the text) At present this patient 
has been mamtained in good condition for more than 4 
months by means of a single daily injection of 10 mgm, 
of desoxy-cortkosterone acetate without added sodium 
chloride therapy An attempt is now being made to 
treat this patient s urogenital tuberculosis smee his gen- 
era! condition otherwise Is compatible ^vith his resuming 
work as a bookkeeper 

F if {Number 144S00) a 32 year-old tnKk driver 
was first admitted to the Johns Hopkins Hospital on 
August 13 1938, complaining of weakness nausea, and 
pigmentation of the skm. Hts present illness began In 
March 1936 ZH years previously when, following a 
severe sore throat, he began to notice dirrlrtess, weakness, 
and nausea. He had an attack of persistent vomiting 
lasting a week and was told by his doctor that his blood 
pressure was low For 3 months be was unable to work 
but then improved suflJdently to return to his duties as 

•■Wilson and Company adrenal cortical 
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truck driver However, he never fully regained his 
strength and continued to have attacks of nausea and 
vomiting at irregular intervals lasting 7 to 10 days 
During his illness he lost 68 kgm. m weight In the 
summer of 1936 he was troubled with cramps m his 
legs and some diarrhea. Durmg the 6 months prior to 
admission he noticed increased brown pigmentation of 
his face, neck, and forearms 

Physical exammatton on admission, August 13, 1938, 
revealed a well developed, fairly well nourished white 
male appearmg rather quiet and listless but not acutely 
ill The temperature was 99 8° F, pulse rate 64 per 
minute, respirations 20 per mmute, blood pressure 90/60 
mm Hg, and weight 64 1 kgm There was generalized 
brownish pigmentation, espeaally of exposed parts, pen- 
neal region, and scars There were several dark nevi 
on the face and a small pigmented area on the buccal 
mucosa. The heart and lungs were normal 

The laboratory data revealed the following Red blood 
cells 3 55 million, hemoglobm 73 per cent (107 grams), 
white blood cells 5,440, polymorphonuclears 42 per cent, 
lymphocytes 52 per cent, eosinophils 2 per cent, basophils 
4 per cent, volume of packed red blood cells 32 per cent 
The blood Wassermann reaction was negative. The 
blood nonprotem mtrogen was 44 mgm per cent, blood 
sugar 77 mgm per cent, serum concentration of sodium 
132 1 m.eq , and of chlonde 98 4 m eq per liter, plasma 
carbon dioxide combming power 45 8 volumes per cent, 
total protem 6 6 grams per cent, serum cholesterol 244 
mgm per cent, serum calcium 11.2 mgm per cent, and 
phosphorus 4 9 mgm. per cent 

The urine showed a specihc gravity of 1 020 No 
albumin or sugar was present On microscopic examina- 
tion occasional white blood cells and hyalm casts were 
observed. 

The phenolsulphonthalein test showed an excretion of 
15 per cent m 30 mmutes and 65 per cent m 2 hours 
The basal metabolic rate varied between — 12 and — 23 
per cent X-rays of the chest were clear, no calafica- 
tion of the adrenals was noted , the smuses showed cloud- 
ing of the left antrum. The tuberculm test was posi- 
tive (1 1,000) 

Course Folloivmg admission the patient was provided 
wth a constant diet to which was added 15 grams of 
sodium chloride. The patient showed a positive sodium 
and chlonde balance dunng a 3-day period m which 4 cc. 
of adrenal cortical extract were mjected twice daily A 
negative sodium and chlonde balance was noted precedmg 
and following the period of treatment Followmg these 
observations a high sodium chloride mtake was mam- 
tamed and the patient showed a steady gam m weight 
and improvement m appetite durmg his 3 weeks m the 
hospital At the time of discharge, September 3, 1938, 
the serum concentration of sodium was 139 9 m.eq and 
chlonde 102 0 m eq per liter The blood nonprotem 
mtrogen ^vas 32 mgm per cent, plasma carbon dioxide 
combimng power 56 9 volumes per cent, blood pressure 
100/70 mm. Hg, and body weight 65 9 kgm 

Following discharge from hospital he contmued to take 


IS grams of sodium chloride daily and felt stronger than 
before admission but he was still unable to carry on his 
work as truck dnver On October 18, 1938, he was 
readmitted for trial of desoxy-corhcosterone acetate 
therapy 

Risitmi of treatment with desoxy-corticostcroiic acetate 
Blood examination on admission revealed the followmg 
values serum sodium 1360 meq, serum chlonde 966 
meq, and serum potassium 6 72 m.eq per liter, carbon 
dioxide combmmg power 47 5 volumes per cent, non- 
protein mtrogen 38 mgm. per cent, sugar 73 mgm. per 
cent, hematoent 46 3 per cent cells, and total protem 6 53 
grams per cent Desoxy-corticosterone acetate treatment 
(15 mgm daily for 9 days) resulted m marked im- 
provement in his muscular strength, appetite, and sense 
of well-being Withdrawal of desoxy-corticosterone ace- 
tate treatment (3 days) resulted m weight loss, some 
loss of strength and appetite, a marked mcrease m the 
renal excretion of sodium, and a rise in the serum con- 
centration of potassium. Resumption of desoxy-corb- 
costerone acetate treatment at this tune resulted m marked 
improvement aceompanied by a gam m weight and 
strength and an mcrease m blood pressure. (Data are 
given m the correspondmg charts and tables of the text) 
At no time durmg these studies was added sodium 
chlonde given. At present, this patient is workmg at 
his occupation as truck driver, his treatment consistmg 
of 10 mgm of desoxy-corticosterone acetate daily with- 
out added sodium chlonde therapy 

C N (Number 100114), a mamed, female telephone 
operator, 34 years of age, was admitted to the Johns 
Hopkins Hospital on June 3, 1936, complammg of weak- 
ness, weight loss, nausea, and vomibng Three years 
before admission the pabent had nobced mcreasmg fabgue 
and some darkening of her skin. For two weeks before 
admission nausea had been present almost constantly and 
the pabent had been confined to bed. Durmg her illness 
she had lost 15 9 kgm m weight Until the present 
illness her menses had been normal For one year prior 
to adrmssion her menses had been irregular In 1932 
and agam m 1933 she had had a pentonsiUar abscess 

Physical examination on admission June 2, 1936, re- 
vealed a pale woman who appeared to be rather weak and 
showed evidence of considerable weight loss Her tem- 
perature was 97 2° F , pulse rate 82, respirabons 20, and 
blood pressure 86/60 mm Hg Her skin was slightly 
tanned. There was dark pigmentabon of the borders of 
the lips and a large blotchy brown area over the lower 
left abdomen. The heart sounds were distant and of poor 
quality, and the radial pulses were feeble. The physical 
exammabon was otherwise normal 

The laboratory findings were as follows Hemoglobm 
106 per cent, red blood cells 5.3 million (hemoconcentra- 
bon), white blood cells 12,750, polymorphonuclears 64 
per cent, lymphocytes 26 per cent, monocytes 8 per cent, 
eosmophils 2 per cent, basophils 1 per cent, cell volume 
48 per cent, blood Wassermann test negabve, nonprotem 
nitrogen 46 mgm. per cent, sugar 80 mgm per cent, 
plasma sodium concentrabon 138 9 m-eq per liter, and 
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the basal metabolic rate — 11 per cent The urine was 
Donnah 

A tnal of salt deprivation was begun, and m 3 days 
a typical Addisonian crisis occurred- Plasma sodium 
concentration fell from a level of 138.9 iu.cq to 124 m-eq. 
per liter and the patient became scmlcomatose, the blood 
pressure being 66/44 mrn- Hg Rapid recovery followed 
the admlmstratjcm of cortical extract and the Intravenous 
infusion of sodnim chloride and glucose. The patient was 
discharged on Jane 20 1936, feeling somewhat weak but 
otherwise u np roved. 

During the next year the patient continued to be in 
fair health although she was never strong enough to do 
her housework. On August 28 1937 she was admitted to 
the hospital m a severe crisis Following large amounts 
of salt and glucose by vcm and extract by vein and sub- 
artaueously she unproved rapidly and remained well on 
injected extract and a high salt (10 to 12 grains of NaQ 
daily) and carbohydrate intake. 

Smcc September 18, 1937 orally administered ’ extract 
had been substituted for Injections of extract Her health 
oontinned to improve, and 5 months later she was able 
to return to her former work on a part time basis m 
addition to domg her own housework and gardening On 
October 17 1938 she was readmitted for tnal of desoxy 
cortKioiteToue acetate therapy 

RitvnU of trtalmmt wiih dtiOxy-corHcotleroM acelaU 
CJn admission, blood examination revealed the following 
values semm sodium 1314 mxq., serum chloride 950 
m.eq and serum potassium 5 00 meq per liter carbon 
dioxide combining power 56 0 volumes per cent, non 
protein rutrogen 40 mgtn. per cent, sugar 78 mgm. per 
cent, and total protem 6.88 grams per cent Desoxy 
corticosterone acetate (10 to IS mgm. daily) was sub- 
stituted for the oraDy administered extract, the sodhim 
chloride therapy being conUnued. The suhstitutioo of 
dcsoxy-corticostcroQe acetate treatment (sodram chlonde 
15 grains daily bang contmued) resulted m marked dinl 
ca! impr ov e m ent, an increase m Wood pressure, a very 
marked retention of sodhim and chloride and a striking 
gain m weight On the 7th day of treatment as a result 
of the marked retention of sodium, moderate edema of 
the face and extremities was apparent Withdrawal of 
desoxy-cortlcostcrone acetate treatment (sodium chloride 
15 grams daily being continued) resulted In a marked 
diuresis, marked weight loss, and after 72 hours m loss 
of appetite and strength. Resumption of desoxy 
corticosterone acetate treatment (S to 10 rngm. daily) 
resnlted m prompt improvement and again was occom 
panied by a marked gain m weight At this time the 
added sodium chloride therapy (15 grains daily) was 
entirely discontumed and the patient was treated with 
desoxy-corticDSterone acetate (S mgm. daily) only 
(Data arc given in the cor r esponding charts and tables 
of the text) 

This patient has now been maintained in good con 
dition for 5 months by means of desoxy-corticoitcronc 

r Wilson and Company adrenal cortical extract added 
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acetate treatment (2 to 5 mgra, dally) without added 
sodium chlonde therapy On this reg im en she has been 
capable of carrying on her duties as bousevrife. Further 
more, the patient states that she feels better no\v than 
she has m several years. 

J S (Numbfr 1SS073), a 29-year-old triegraph clerk, 
was admitted to the Johns Hopkins Hospital on October 
21 1938, complaining of nausea, vomiting, and gaseous 
distention. The present illness began in 1934 with 
gradoal onset of abdominal dutentxm and discomfort 
chiefly after meals. At the same tmw dlxxiaess on ans 
log was noted. In 1936 he first noticed some brownish 
pigmentation on his nose and upper lip which increased 
only slightly during the inhscqucnt two years. Donng 
his illness hw weight decreased from 72.7 kgm. to S6£ 
kgm. In 1936 he was told hu blood pressure was 90 mm, 
Hg systolic, but daring the year prior to admission it 
was found to be 110 mm. Hg 

Physical exammation on October 21 1938, revealed a 
tall, thm, asthenic white male, slow of speech and move- 
ment, and appearing weak and gnaaated, but not acutely 
ilL The temperature was 99 F., pnlsc rate 88 per 

mnmte, respirations 22 per mmntc, and blood pressure 
115/70 mm. Hg with the patient In a recumbent position, 
90/60 mm- Hg with the patient m an upright position. 
There was widespread brownish pigmentation, par- 
ticularly of the finger joints, genitalia, and buttoidcs. 
There were several dark nevi oo the thorax. The lungs 
were dear and tbe heart sounds were normal. 

The laboratory data were as follows Hemoglobm 
was 104 per cent (15 1 grams) red blood cells 5 19 mil 
bon, white Wood «Ib 5,350 ■^th polyroorpbotradeari 71 
per cent, lymphocytes 24 per cent, monocytes 4 per cent, 
and eosinophils 1 per cent Tbe hematocrit was 47 per 
cent cells. The Wood Wasserman was negative. Tlic 
blood nonprotem nitrogen was 32 mgm. per cent and the 
blood sugar 84 mgm. per cent The serum con centra tion 
of sodium was 138^ m-eq., chloride 96.4 m. cq., and 
potassium 6.48 m. eq. per liter Tbe urine and stool were 
normal- 

X rays of the heart and lungs were normal and ex 
ammatioo of the gastro-mtcstinal tract gave no evidence 
of any organic lesion. No adrenal calafication was noted. 
The tuberenhn test was negative m dilutions up to 1 
1 OOO. An dcctrocardiogram showed a n o r m al record. 

Rfsumi of treatment ttnih desory-eortieoslerone acetate 
This patient had been recdvmg prcvionsly 5 grams of 
added sodium chloride daily and 2 cc. of adrenal cortical 
extract* mjected subcutaneously This treatment was 
disconturacd and desoxy-corticostcrone acetate treatment 
(IS mgm. daily) resulted m marked droicaJ improv emen t, 
associated with increased appetite. Improved muscular 
strength. Increased weight, and increased Hood pressure. 
Withdrawal of desoxy-corticosteronc acetate treatment 
(48 hours) resnlted In weight loss, lowering of Wood 
pressure, anorexia, diuresis, and a marked in cr ease in 
the renal excretion of sodram and chloride. Resumptioo 
of desoxy-cortlcosterone acetate treatment (20 mgm. 
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daily) resulted in striking improvement m the clmical 
condition of the patient, gam m weight, improved ap- 
petite, and strength. (Data are given m the correspond- 
mg charts and tables of the text) At no time during 
this study was added sodium chlonde administered. At 
present this patient is bemg maintamed on 10 mgm. of 
desoxy-corticosterone acetate daily without added sodium 
chlonde therapy 

E V {Number 116221), a Greek male store clerk, 39 
years of age, was admitted to the Johns Hopkins Hos- 
pital, August 10, 1937, complainmg of abdominal pain, 
progressive weakness, and darkenmg of the skin. Dur- 
mg the 2 years pnor to his present admission, his skm 
had become darker and he had had recurrent attacks of 
nausea and vomiting with slowly progressive weakness 
Dunng this present iUness he had lost 12 7 kgm. 

On admission, the patient was found to be very weak, 
and there ivas evidence of marked weight loss His tem- 
perature was 99° F , pulse rate 88, respirations 24, and 
body weight 51 9 kgm. His skm was uniformly dark 
brown, with an mcrease m the degree of pigmentation 
in the folds of the axillae and palms There was a dif- 
fuse black speckled pigmentation on the buccal mucous 
membrane. The blood pressure was 78/44 mm. Hg and 
the heart sounds were very distant 

Laboratory examination on admission revealed the 
foUoivmg Hemoglobin 74 per cent, red blood cells 4 34 
million, white blood cells 3,880, polymorphonuclears 59 
per cent, lymphocytes 32 per cent, monocytes 4 per cent, 
eosmophds 1 per cent, basophils 4 per cent The unne 
ivas normal The blood Wassermann was negative. The 
fasting blood sugar was 90 mgm. per cent, the blood 
nonprotem mtrogen 60 mgm. per cent, and the plasma 
concentration of sodium 130 7 m eq , chloride 97 4 m.eq , 
and potassium 4 m.eq per liter X-rays of the chest and 
abdomen were negative. A tuberculm test was positive 
0 001 mgm.) 

On a high sodium, low potassium diet, the patient 
gamed strength and weight, and the plasma electrolytes 
returned to a normal concentration m 1 week. The 
pabent ivas discharged August 25, 1937, weighmg 537 
kgm., with instrucbons to take 12 gpams of sodium 
chlonde daily He contmued m fair health although his 
appebte was poor, and he never felt strong enough to 
return to work. Since December 1937 the patient has 
received 4 cc. (160 grams of adrenal cortex) daily of 
injected extract ® and 12 grams of sodium chloride. On 
October 5, 1938, the pabent was readmitted for desoxy- 
corbeosterone acetate therapy 

RSsumi of treatment vnth desoxy-corticosterone ace- 
tate Blood exammation on admission revealed the fol- 
lowing values serum sodium 137 5 m-eq^ serum chloride 
103 0 m eq , and serum potassium 5 40 m eq per liter, 
carbon dioxide combmmg power of the serum 537 vol- 
umes per cent, nonprotem mtrogen 32 mgm per cent, 
blood sugar 79 mgm. per cent, hematoent 35 8 per cent 
cells, and total protein 5S0 grams per cent Withdrawal 
of sodium chloride and extract treatment (24 hours) 

» Wilson and Company adrenal corbcal extract 


resulted m loss of strength, hemoconcentration (the cell 
volume mcreasmg from 36 0 per cent cells to 39 3 per cent 
cells), a marked decrease m plasma volume (from 2,560 
cc. to 2,380 cc.), a marked diuresis associated with a 
negative sodium and chlonde balance, a stnkmg decrease 
m the sodium and chloride concentrabon of the serum, and 
a slight rise m the serum concentrabon of potassium At 
this bme the mjection of 15 mgm. of desoxy-corticosterone 
acetate daily, without added sodium chlonde therapy, 
resulted m marked climcal improvement On 2 occa- 
sions withdrawal of desoxy-corbeosterone acetate treat- 
ment (48 hours) resulted m marked weight loss, 
anorexia, and decrease m strength In both mstances 
resumpbon of treatment caused the prompt disappearance 
of these signs and symptoms (Data are given m the 
correspondmg charts and tables of the text) 

This pabent has been treated successfully for 5 months 
by means of daily mjeebons (10 to 15 mgm. per day) 
of desoxy-corbeosterone acetate. Throughout this en- 
bre penod the pabent has had a normal diet with no 
added sodium chlonde therapy At present he is being 
mamtamed m excellent condibon on a smgle daily m- 
jection of 10 mgm of desoxy-corbeosterone acetate with- 
out added sodium chlonde. On this regimen he has re- 
turned to work for the first bme in over 3 years 

P W {Number 150453), a 34-year-old clergyman, was 
admitted to the Johns Hopkins Hospital on October 5th, 
1938, for treatment of Addison’s disease. Generalited 
browmsh pigmentation was first nobced m 1925 In the 
summer of 1932-33 he had heat cramps which were re- 
heved by salt water In 1934 he had an attack of nausea, 
vormbng, and weakness progresstig to coma At this 
time he was found to have a blood pressure of 70/50 
mm. Hg Treatment with sodium chlonde, glucose, and 
adrenal corbcal extract resulted m marked improvement, 
and smee then he has been mamtamed in fair health on 
small doses of corbcal extract (2 to 4 cc. daily repre- 
senting approximately 80 to 160 grams of fresh cortex) 
and 8 to 10 grams of added sodium chlonde daily On 
2 occasions he has been on the verge of collapse neces- 
sitabng mtravenous therapy 

In 1930 the pabent had a severe sore throat, m 1932 
a tonsillectomy was performed, and m 1934 he under- 
went an appendectomy 

Physical examination on October 5, 1938, revealed a 
white male of slight build, fairly well nourished, appear- 
mg alert, and m no discomfort The temperature was 
987° F , pulse rate 84 per minute, respirabons 22 per 
minute, and blood pressure 94/60 mm Hg The skm 
was slaty brown in color with dark brown pigmentabon 
of the face, neck, forearms, external gemtalia, and glu- 
teal folds Over the face, neck, and shoulders were a 
few scattered deeply pigmented nevi No pigmentabon 
of the mucous membranes was observed The external 
ears were hard and carblagmous The lungs were 
clear, and the heart was norr^l save for the heart 
sounds being distant 

Laboratory data on admission \ ^ "’as follows The 

1® Wilson and Company adrenal cortical extract 
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red blood edit were nrllHon, hemogldjm 12.7 gram* 
wbite blood cclU 5,000 with polymorphomiclears 69 per 
cent, lymphocytes 25 per cent and monocytes 6 per cent. 
The sedimentatioa rate was 12 mm. in 1 hour and the 
volome of packed red blood cells 43 per cent The 
blood Wassemiann was negative. The blood nonprotem 
mtrogen was 38 mgtn. per cent, blood sugar 65 mgni 
per cent, plasma COi combining power 57.9 volnmes per 
cent, fcnira concentration of sodium 130,5 ni,cq, chloride 
97.8 rneq and potassium SJ6 m.eq per IHer and total 
plasma protean 7.38 grams per cent Examinations of the 
urine was negative. 

The basal metabolic rate was plus 4 per cent X ray 
of the heart and longs was normal There was no evi 
dence of calafication m the area of the adrenals. An 
electrocardiographic tracmg showed T1 uoelectnc and 
T2 and T3 mverted. 

Ritumi of trtatmtni ttnth desoxy-corheoiftrone act 
tale Withdrawal of sodium chlort^ and extract treat 
ment (48 hours) resulted m the onset of tymploms of 
acute adrenal iniufBaency associated with a marked 
lowering of blood pressure, anorexia, vomiting a dlu 
resii associated wHh an increased excretion of sodium 
and chlonde, a further lowering of the serum concentra 
tion of sodium and ditoride and a slight rise m the 
serum concentration of potassKim. At this time 15 mgm. 
of desoxy-cortjcosterone acetate were Injected and the 
patient was given a single infusion of 16 grams of 
todhim chloride (a quantity o! sodium chloride calculated 
to be equivalent to the negative balance of sodium chto> 
ride which had obtained during the 2 days off treatment) 
Subsequently the patient received 15 to 20 mgm. of 
desoxy-corticostcrone acetate d^ly no additional sodhan 
chlonde being given. The patient was maintained on 
this regimen for 23 days with marked clmical iraprove- 
ment, increased appetite, gain in body weight, and in 
creased blood pressure. (Data arc given In the corre- 
sponding charts and tables of the text.) 

At this tune it was decided to test the dose of desoxy 
corticosterone acetate which would be reqinred when 
sodium chloride therapy (IS grams daily) was added 
to the regimen. Previous experience had shown that 
this patient could not be mamtalned on sodium chlonde 
therapy alone. Followrog the addition of 15 grams of 
sodium chlonde to the diet, it was observed that approxi 
mately 5 to 6 mgm, doily of desoxy-corticcstcrone ace- 
tate were sufficient to maintain him in excellent condition, 

J P (A^«jM6rr 123218) a 40-year-old Italian house- 
wife was admitted to the Johns Hopkms Hospital on 
October 21 1937 complaining of weaJeness, weight lost, 
and pigmentation of the skin of 3 years durabott. The 
present fllnesi began in 1934 when the patient first began 
to notice brownish black freckles on her forearms This 
pigmentation gradually became deeper and spread until 
her whole body had become a chocolate brown, Dunog 
the year preceding admission she bad noticed increasing 
fatigue, weakness, and anorexia, her weight decreasing 
from 104i kgm, to 663 kgm. Menses had always been 
normal She had had one normal pregnancy m 1920 
and one miscamage 5 months later 


PhyticaJ exoimnahon on admission revealed a woman 
appe^ng moderately weak and showing evidence of 
marlmd loss of weight The temperature ivai 98,2 F 
pulse rate 72, respirations 18 and blood pressure 133/ 
95 mm Hg Th<« was marked dark brown pigroen 
tatfon of the whole body with acccntuatroci in the 
flexor creases but with a striking absence of plgmcnta 
tion of the palms and soles. There was a blotchy pig 
mentation of the lips and buccal mucous membranes. 
There vras very mild narrowing of the retinal arteries. 
The heart sounds were rather distant and a soft systolic 
murmur was beard at both base and apex. The penph 
end vessels were soft 

The laboratory findings were as follows Hemoglobin 
13 4 grams red blood cells 4,2 million whrte blood cells 
4000 polyroorphonucJears 60 per cent lymphocytes 36 
per cent monocytes 3 per cent eosinophils 1 per cent, 
hematoent 40 per cent cells. Specific gravity of the 
onue was 1 019 and the urine contamed 2 plus albumin. 
The blood Wasstnnann showed negative findings and 
the blood chemistry acamination revealed blood sugar 
74 mgm. per cent, nooprotcin nitrogen 28 mgm, per cent, 
plasma COt 52.2 volumes per cent total plasma protein 
6.44 grams per cent plasma concentration of sodium 
138,6 m.eq,, and chlonde 100 0 meq per liter X rays 
showed some non tuberculous Infiltration of the longs, a 
normal heart and aorta, and no intra abdominal cald 
fication. Skull plates were normal Electrocardiogram 
showed low voltage and an inversion of the T ware* 
Basal metabolic rate was + 17 per cent 

Daring the first week the patient was allowed to eat 
as the desired without extra salt She gradually be- 
came weaker , appetite failed and she lost weight On 
Norember 2, 1937 the plasma concentration of sodium 
was 127 ULcq and of chloride 91 nxeq the nonprotein 
nitrogen had nsen to 42 mgm. per cent Hematocrit 
was still 40 per cent celii Improvement followed the 
subcutaneous injection of extract however and by No- 
vember 8th the plasma sodium had risen to 1386 m cq 
and chloride to W6 m.cq 

Since January 1938 this patient received 2 cc. (80 
grams of adrenal cortex) of injected extract daily in 
addition to the dally Intake of 10 grams of sodium chlo- 
ride. On a recent examination (May 8 1938) she was 
found to have a syitolic blood pressure of over 150 mm. 
Hg which confirmed the suspicion that she had some 
degree of hypertension preceding the onset of adrenal 
insufiiaency On N ov ember 14 1938, she was readmitted 
for tnal of desoxy-cortkosterone acetate therapy 

Rfsum4 of treatment unth desoxy-cortieoslerone oce- 
tate Blood examination on admission revealed the fot 
lowing values se r um sodium 138J nteq serum chlonde 
1006 m.eq and serum potassium 420 m,eq per liter 
carbon dioxide combining power 55 1 volumes per cent 
nonprotem nitrogen 32 mgm. per cent, sugar 83 mgm. 
per cent, hematocrit 416 per cent cells, and total protein 
66 grams per cent Withdrawal of sodium chloride and 
extract treatment (48 hours) resulted in weight loss 
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slight loss of strength, decreased appebte, hemoconcentra- 
tjon, and a marked reduction m the serum concentration 
of sodium and chlonde, associated with a marked nega- 
tive balance of these electrolytes (The onset of cata- 
mema comaded with the withdrawal of treatment) At 
this time treatment with desoxy-corticosterone acetate 
(20 mgm daily) without added sodium chlonde therapy 
resulted m improved strength, appetite and sense of 
well-bemg, weight gam, and an mcrease m blood pressure. 
Subsequently, the withdrawal (3 days) of desoxy- 
corticosterone acetate treatment resulted m a recurrence 
of the symptoms of adrenal msufEaency, associated with 
weight loss and a lowered blood pressiue. Agam treat- 
ment with desoxy-corticosterone acetate (20 mgm 
daily) without added sodium chlonde therapy resulted 
m improved strength and appetite, a marked gain m 
weight and an mcrease m blood pressure. (Data are 
given in the correspondmg charts and tables of the 
text,) Followmg this study, desoxy-corticosterone ace- 
tate treatment was discontmued, and the patient was 
mamtained on IS grams of sodium chloride daily On 
this regimen she is able to carry on all of her household 
duties 
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RSAD BEFOftE TBS BCIEMTinC BESSTOK 

PRESIDBKTIAI. ADDKSSS 

By T R« Hajuuson 


If we BMurae that a pretWenbal addre*» bai any meful 
fanction at ol! It folloi'.'i that thli ftmcdon I# to try to 
benefit the organuation to which the address it delivered 
Such a purpose can best be served not by praising the 
accompUshmenU of the past, but by considering the 
dangers of the future Medical societies, as well at other 
cultural organizations are like individuals in that they 
tend to grow to reach matunty to accomplish little or 
much — as the cate may be — and then to decay What 
are the causes of this institutional arteriosclero^? Is It 
Inevitable? Can Its progress be dela^^ed arrested or 
perhaps prevented entirely? By what means? Realizing 
that other and wiser phymaans may prescribe differently 
for this Important disease, my suggestions are as follows 

Since institutional artenosclerosis it not limited to so* 
deties but tends to affect all cultural crgaairatkms, the 
problem should be approached In its broader aspects. A 
study of the dechne of medical schools in the past suggests 
that there are two general groups of factors. 

(1) JSsfnfutc causes. These Indude political economic, 
and other influences wUch affect sodety at a whole and 
which cause a general cultural dechne The decay of the 
great medical faculties of Salerno Montpelier and Bologna 
con possibly be ascribed to such factors which are also 
responsible for the present catastrophic decline of the 
medical centers In certain central European countries. 
These extrinac causes are largely beyond our control 
We are concerned with them as atliena rather than as 
phyddant. 

(2) Inlnnsk causes These Indude unfavorable con 
ditions which develop within medical soaetles and which 
are therefore subject to control by the membership A1 
though there are numerous different conditions — sneh as 
nepotism intolerance and self satUfactIon-~which tend 
to have an unhealthy effect they can all be traced to one 
general cause — a faHttre Ic selai tk4 btst peuibU tnsn 

The importance of exhaustive effort to find the most 
capable Individnals for chiefs of departments is generally 
recognized Much attention is likewise paid to choosing 
the proper persons for the secondary places. However 
assistants and Instructors are often appointed rather casu 
ally and too frequently the quahty of agreeableness Is 
emphasized to the neglect of more Important capadties. 
Tills is entlrdy illogical The professors of tomorrow 
must be chosen from the instructors of today No man 
should be appointed to a permanent salaried academic 
position — be It ever so lowly — unless he already gives 
promise of becoming in the future material for podtions 


of the highest rank. If the roots of the academic tree are 
properly cared for the frmt will take care of itself 

Even when extemat conditions are favorable medical 
culture can not flourish for long with mediocre personnel 
When, as daring the past ten years and possibly for some 
decades In the future, the extrinsic causes of cultural 
dedlne are already operative, it Is important that every 
precaution be taken against intrinsic decay The only 
asauraoce hes In constant — almost agonizing — effort to 
choose the good man 

But this is not a simple matter Some persons, in high 
positions, lookmg for an able man to fill a vacancy but 
lacking the patience of Diogenes and the lllununatlon cast 
by his lantern tend to become exhausted by the scarclu 
They then choose the next Individual they encounter 
Baying God made him, and therefore let him pass for a 
man. A genius — like Gilman or In the dk^l field 
Peabody — with an almost supernatural abihty to pick the 
right man for the Job is a rarity Are there any criteria 
whereby we with lesser gifts can be gmded In choosing 
men? I believe there are 

The customary procedure in fillbg an academic position 
is to mquire concerning a prospective candidate from his 
present and post superiors. Smee nearly everyone tries 
to appear at bis best in the eyes of his chief the professors 
and associate professors often have a false idea of a man s 
abihties Why not inquire of his Inferion also? They 
see him as he is. The house staff of a teaching hospital 
can usually size up" the members of the permanent staff 
as well and sometimes better than the chief can No man 
should Etc seriously considered for academic advancement 
unless ho has the respect — not only of his superlora but 
also of his inferiors The old saying that ‘ Young men 
think old men are fools but old men know young men are 
fools" is only partly true but In any case, young men 
usually know which other young men are fools. 

Appointments are often made or refused on the basis 
of a man • school his religion or his social qualifications. 
I fall to see what significance these factors have The 

happy family Idea has been much over-emphasized 
Even if one regards harmony as the pnrae dmderaium it 
wQl usually be found that truly unusual men get on well — 
while lesser men Jealoui because they are deficient tend 
to quarrel 

Much emphasb is placed on administrative ability but 
the term u usually not defined Some consider that a 
good administrator Isa man with a passion for »ant 

details. If the word U to be used in this 
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not be confused with another quality — leadership We 
should remember that “the greatest clerkes be not the 
wisest men " An administrator — as defined above — is 
often preoccupied with his own system of better doing 
things which are already bemg done, a leader is concerned 
with stimulating other men to do thmgs which otherwise 
would be left undone Even first rate administration (as 
defined here) bears a close resemblance to puttermg, first- 
rate leadership resembles nothmg else — it is a umque and 
all-too-rare quality 

The good man is he who not only furmshes ideas but 
who when working with men of lower rank than himself 
does his own share and a little more of the actual labor 
He says to his infenors, "Come on,” not “Go on ” 

The attitude of a man toward research, his interest in it, 
and his energy are just as important as his intelhgence 
All great mvestigators seem to have had one quality m 
common — they have labored while others rested 
We all know individuals with fine mmds who accomplish 
httle because they lack dnve Such men are like the cat 
which, “would eate fish and would not wet her feete.” 
Cntical, creative imagination — the most important quahty 
in research — is not immaculately conceived by the mind 
alone, it is “by" energy “out of" intellect 

It IS of major importance that a candidate should really 
love investigation He should realize that research at its 
worst IS 

“To loose good dayes, that might be better spent. 

To wast long mghts in pensive discontent. 

To speed to-day, to be put back to-morrow. 

To feed on hope, to pine with feare and sorrow 
To fret thy soule with crosses and mth cares. 

To eat thy heart through comfortlesse dispaires. 

To fawne, to crouche to waite, to nde to ronne. 

To spend, to give, to want, to be undonne " 

while at its best, research leads to "infinite riches m a 
httle room " 

The qualities which have been mentioned are only a few 
of the ones which mark the good man They have been 
stressed because they seem to me especially important 
and because they are often overlooked Many other 
qualities rmght be ated but in a final analysis most of 
them can be reduced to two traits of transcending im- 
portance The first of these is wisdom Such wnsdom 
includes a broad knowledge of medicme in general and a 
deep understanding of certam fields of mediane Amde 
from this purely mtellectual quality there is an emotional 
trait which is perhaps even more important This is a 
certain radiant energy which, operating internally, keeps 
the individual constantly working and which, opierating 
externally, catalyses other men to similar action For 
want of a better term we may, with apologies for the 
mixed metaphor, call this quahty “contagious fire ” 

In a world of crumbhng standards the safest assurance 
for the future of academic mediane hes m the thoughtful 
selection of the best possible young men Our choosing 
should be tempered by the sober recollection that each 
corporal should with justice carry m his knapsack the 
baton of a marshal 


Cmlnhihon lo the Eltology of Dtabeitc Relimtis by Jon\s 

S Friedenwald and (by mvitation) Manuel G 

Gichner, Baltimore, Md 

Patients wnth active hemorrhagic retinitis in diabetes 
have increased capillary fragility The capillary fragility 
IS improved, but is not as a rule brought back to normal by 
large doses of vitamin C Saturation tests with ascorbic 
aad reveal a marked defiaency in the ability to excrete 
this substance in the unne followmg the mjection of large 
doses by mouth Absorption from the gastro-intestmal 
tract IS apparently normal as is also the renal threshold 
Hence the excretion defiat is to be attnbuted to abnormal 
utilization withm the body In a small group of cases the 
admimstration of vitamin B complex resulted in a return 
to normal of the capillary resistance, and also m a 
reappearance of the ability to excrete injected ascorbic 
aad 

Vttamtn C Nutrition and Metabolism m Rheumatoid 

Spondylitis Jakes F Rinehart, San Franasco, Cal 

A detailed study of the nutritional status relative to 
vitamin C was made in a senes of cases of rheumatoid 
spondyhtis In 32 cases the average fastmg blood plasma 
vitamin C value was 0 12 mgm per 100 cc. In 90 per cent 
of cases the initial value was below 0 40 mgm per 100 ca 
In a number of the cases, determinations of blood plasma 
ascorbic acid were made followmg adrmnistration of large 
oral doses of vitamin C (IS mgm per kilogram) The 
curves were ‘flat’ indicatmg significant undersaturation of 
tissues 

Data gained from dietary histones mdicate that although 
some of the cases w'ere ingesting grossly inadequate 
amounts of vitamm C, this was not uniformly so Many 
cases showed depleted vitamm C reserves in spite of a 
normally adequate dietary mtake In several cases the 
metabolic fault was striking Possible factors responsible 
for this abnormality are considered 

The mfluence of known supplements of vitamin C upon 
the blood ascorbic acid sedimentation rate, capillary 
strength, waght, general condition, and arthntis m a 
group of cases followed for two months or longer is 
analyzed 

The capillary strength was determined initially in 27 
cases This was found to be almost umformly lowered 
In 11 of 14 cases followed for two months or more the 
capillary strength rose after adrmnistration of supple 
mentary vitamin C Eight of 11 cases gained weight 
Twelve of 17 showed slownng of the sedimentation rate 
occurring withm 4 months Improvement in general 
condition and diminution of pain was almost regularly 
observed The only other treatment was physiotherapy 
in a portion of the cases 

These data indicate that vitamin C defiaency is almost 
umformly present m this form of arthritis This defi- 
aency may occur in the presence of a normally adequate 
vitarmn C mtake. The uniform finding of vitamm C de- 
pletion and the response to liberal vitamm C supplements 
noted suggest that the defiaency is contributory to the 
disease. 
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The Naiurt of Syncvicl Ifuan By Karl Meyer (by 
mvltaticm) and M H Dawson New York, N Y 
Although the Importance of tynovial mudn m the 
physiology of Joint! fs generally recognized lu chemical 
natore has not been established By a method slmnar to 
that employed by one of the aothora (K M ) In the bola 
tion of chondroitln-sulfuric add a polysaccharide add of 
high molecular weight has been obtained which p oa s es e es 
most of the viscosity of the starting material This 
polysacchande add consists of equimolar parts of hero* 
samlne hexuromc add and acetyl the latter apparently 
as N-acetyiglucosamlne, The polyaaccharide occurs In 
synovial fluid either free or united to protein m salt 
linkage only 

In composition and rotation the polysaccharide add 
appears to be Identical with the polysacchande add of 
vitreous humor umbilical cord and the mucoid phase of 
Group A hemolytic streptococa Further evidence of the 
identity of these polysaccharides U provided by the fact 
that they are hydrolyzed at the same rate by a specific 
enzyme 

The protem component of the carbohydrate-protein 
complex appears to be a globulin which forms an Insoluble 
•alt with the add polysaccharide on addificatlotu 

Immunological aspects of the polysaccharide adds ob- 
tained from various sources will be briefly considefod 

PlasTM specific Gravity eu m Aid tn the Eciimaiton and 
MaxnUnana of a S^e Flutd Balance Afi{/iaaJ Tever 
By Herbert R, Brown Jb- William F Dark, and 
Nathaniel Jokes (by Invitation), and Stajtord L. 
Warren Rochester New York. 

Adequate storage and replacement of reserve water and 
electrolytes is necessary to safeguard the patient against 
dehydration resulting from increased losses of these sub- 
stances during artificially Induced fever 
Fluctuations m plasma specific gravity have been ob- 
served in 50 cases under various conditions (preparation for 
fever treatment, compensation during treatment and 
sequelae of treatment) 

There seems to be a good correlation between plaama 
specific gravity values and the dimcal findings of adequate 
hydration ovcrhydration and dehydration and collapse 
states 

Daring adequate hydration plasma epeafic gravity 
fluctuates within the normal range defined by Van Slyke. 
Clinically the patient is in good condition (normal blood 
p re ss ure frequent urine excretion moderately profuse 
sweating absence of mama somnolentia) 

In states of dehydration accompanied by shock, blood 
pr es sure fall anuna tack of sweating mania and colUpte, 
the plasma specific gravity rises well above normal levels. 

In ovcrhydration plasma specific gravity falls below 
oonnal levels In keeping with the cllmcal evidence (blood 
pressure rise polyuria edema, exce s si ve sweating, rest 
lessness, eic ) 

Plaama specific gravity values change significantly 
before the clinical symptoms of dehydration or over 
hydration are clearly evident so that the hydration of the 


patient may be safely and quickly adjusted In the necessary 
du-ection 

Frotedm AnHbodxce tn the Serum of Hujnart Syphiitiics 
By Thomas B Txjrwer and (by invitation) William L 
Flsiono and Nancy L Bratton Baltimore, Md 
In a previous paper experiments were reported which 
showed that during the course of experimental syphilis 
rabbits developed protective antibodies against virulent 
Treponema paUtdum and that the prese nce of these anti 
bodies was associated with a high degree of resistance to 
reinfection (Tumer T B., J Exper Med — In press) 
The present paper reports the results of protection tests 
made on the serum of 80 persons 60 of whom had or had 
had syphilis, and 20 of whom were presumably non 
syphilitic. 

The technique of the test was the same as that used for 
testing rabbit sera. One part of a tissue emulsion rich in 
virulent T paJhdum was combined with 9 parts of whole 
•erum, the mixture Incubated for 6 hours at 37 C. and 
inoculated Intracutaneously In 6 sites of one area In each 
of 4 normal rabbits. Sera were tested In groups of 4 one 
eemm of each group being from a presumably non 
syphilitic person The same lot of s^idrochete emulsion 
which had been preserved by freezing was employed In all 
but one group of tests. Protection was mamfested by 
fallnre of syphihtic lesions to develop at the sites of bocuU 
tkm or by a prolonged Incubation period as compared with 
the lesloas u the control areas. 

Of 60 sera from persons with sypblis, 53 showed defimte 
protection in 4 the results were equivocal and in 3 there 
was no evxlence of protective antibodies Of 20 sera 
from presumably non-syphlUtlc persons, 16 showed no 
evidence of protection In 2 the results were equivocal and 
2 showed definite protec ti on Of 11 syphDitics with nega 
tivc Wassermann tests, the sera of 10 contained protective 
antibodies 

The bearing of these findings on the question of humoral 
immunity in syphlht and the relationship of protecti\’e 
antibodies to the ordinary diagnostic serological tests were 
bnefly discussed 

The BadenadaJ Effect cf SvJfanihmtde upon Paihoieme 
and Non Pathoienic Staphytococa By Wesley W 
Spine, Minneapolis, Minn. 

The purpose of this study was to show that sulfanilamide 
has a definite bactericidal effect upon staphylococci and 
also to demonstrate certain factors influencing the effect of 
sulfamiamide upon bacteria. Twelve pathogenic and 
seven non pathogenic strains were indnded The Influence 
of eech of the following factors on the bactericidal action of 
•ulfanflamide was observed the nature of the culture media 
with special reference to ingredients and pH the strain of 
staphylococcus the number of organisms in suspension 
the amcentration of sulfanilamide the temperature at 
which suspenskmi of organisms and the drug were Inca 
bated the length of time necessary for sulfanltamlde to 
exert Its effect. 

Employing the usual type of veal infution broth as 
media high concentrations of f a; 
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100 organisms When sterile, human unne was substi- 
tuted as a culture media, a marked bactencidal effect was 
obtained with low concentrations The bactencidal effect 
was much more pronounced at an incubation temperature 
of 40° C than at 37° C When only one drop of veal 
mfusion broth was added to S cc of unne, the foregoing 
action of sulfanilamide was greatly inhibited These 
observations indicate that peptone or peptone-like sub- 
stances may inhibit the action of sulfanilamide, and that an 
elevation of temperature within human physiological limits 
is desirable for an optimum effect 

The Use of Sulfapyndtne tn the Treatment of Pneiimonta 
By J Murray Kinsman and John Walker Moore, 
Louisville, Ky 

During the winter and early spring of 1939, we treated, 
in the Lomsville City Hospital, 40 cases of pneumonia wnth 
sulfapyndine with a mortality rate of 5 per cent The 
pneumonias have been of both the lobar and bronchial 
vanety Many different types of pneumococcus have been 
recovered from the sputum 

In every case, blood concentration curves have been 
obtained for both free and total sulfapyndine Blood was 
taken at hourly intervals for 4 hours after the initial dose, 
and thereafter, once daily throughout the course of treat- 
ment and until the drug disappeared from the blood 
stream Daily urmes have also been exaramed quanti- 
tatively for the excretion of the drug m both the free and 
conjugated form 

The results of the blood and unne studies m general 
agree w ith the results of other workers It appears that a 
blood concentration of the free sulfapyndme of anywhere 
from 1 to 12 may be effective in curmg pneumonia 
Absorption is very irregular A few cases had recurrences 
of fever after the drug was discontinued and return of the 
temperature to normal when it was started again No 
toxic effects on the blood were noted Two patients had 
severe hematuria with complete recovery when the drug 
was stopped Nausea was a very common side-effect 
Empyema was not cured, even though the concentration of 
the sulfapyndine m the empyema fluid was much higher 
than in the blood 

Bemolysts from Sulfapyndine By Lowell A Erf and 
Colin M MacLeod (introduced by C P Rhoads), 
New York, N Y 

The widespread and effective use of sulfapyndine m 
pneumonia has made important a knowledge of its pos- 
sible harmful effects Furthermore, observations of the 
hematological changes caused by chemicals of known 
constitution are useful for understandmg the hematopoietic 
disorders of imknown etiology 

The urinary and fecal excretions of urobilin have 
been measured quantitatively, as an index of the rate 
of hemolysis, in 20 cases of pneumonia treated with 
sulfapyndine As controls, 6 febrile cases of pneumoma, 
treated by the drug, have been studied similarly The 
usual observations of the blood cells were made in all 
instances 

The results of the study are stnking The patients 


treated wnth large amounts of sulfapyndine showed 
unequivocal evidence of an mcreased rate of hemolysis 
From two to ten times the normal amounts of urobilin were 
excreted, the greatest amounts by the patients receiving 
the most drug Concurrently there appeared anemia, 
leukocytosis, and reticulocytosis, furthermore, in certain 
instances a diversion of urobilin from feces to urine gave 
evidence of hepatic insufflaency When treatment with 
sulfapyndine was discontinued all evidence of abnormal 
blood destruction disappeared Patients receiving moder- 
ate amounts of the drug excreted shghtly mcreased amounts 
of urobilin, but when little drug was given no sign of 
abnormal hemolysis could be detected Control cases 
without medication with sulfapyndme showed no increased 
excretion of urobilm 

It IB concluded that sulfapyndme m large amounts causes 
an increase of the hemolytic process, although the disease 
for which the drug is given does not do so The effect 
seems to be roughly proportional to the amount of drug 
administered 

Activity in the Central Nervous System During Anesthesia 

By Henry K Beecher (introduced by E D Churchill), 

Boston, Mass 

Investigation of the anesthesia process has been handi- 
capped by lack of preasely measurable elements The 
electneal activity of the central nervous system, and m 
particular that of the cerebral cortex, presents a suitable 
component for study Measurement of the electneal 
activity there has been made possible by recent advances 
m electrophysiology The application of the technics of 
this science to study of the central nervous system dunng 
anesthesia not only gives information leading to a more 
complete understanding of cortical action potentials but 
also presents fundamental information as to the charac 
tenetics of the anesthesia jirocess itself 

When the frequency and voltage of the electneal waves 
and the pattern of theactivity are considered m conjunction 
with the response to penpberal stimulation under the 
several agents at various levels of anesthesia, it becomes 
possible to make certain statements The frequency of the 
cortical waves is charactenstic for a given agent It is a 
constant over a wide range of anesthesia depth On the 
other hand, voltage of the waves is labile Voltage is 
directly related to anesthesia depth In one group of 
agents, but not m another, voltage can be altered by 
peripheral (saatic) stimulation Under deep anesthesia 
sciatic stimulation has no effect on voltage under any 
agent The seventeen anesthetic agents studied can be 
sharply divided into two groups on the basis of six entena 
volatility, frequency of cortical waves, pattern, presence or 
absence of a secondary cortical discharge following 
peripheral stimulation, response of the voltage of cortical 
waves to sciatic stimulation, and type of flexion reflex, A 
consideration of these pomts leads to a mass of objective 
data regarding the central nervous system effects of 
vanous anesthetic agents and permits a general hypothesis 
to be stated as to the fundamental difference of action of 
volatile and non-volatile agents 



AME3aCAN SOCIETY FOR CUNICAL INVESTIGATION 


473 


Basu of th* IlmoIopotHic Adtmly %n Pormcious Anemut of 
Duiccaitd Hog lUvm By Sioth O Deiteh, Robert 
W Heiklb and Herbert J Fox (by Invitation) and 
William B (Zastle, Botton Mass 
Increased blood production in pemidoua anemia hat 
been observed by various workers to follow the oral 
administration not only of desiccated bog stomach but 
also of similar preparations of the duodenom. Jejunum 
ileum and even the colon of that animat. From this 
evidence othen have concluded that the to-called Intrinsic 
factor It tecrcted by the intestine at well as by the stomach 
or that the Intestine plays an active part m the tubsequent 
preparation or storage of an antlanemic prinaple. 

Still another interpretation it however possiblCt because 
these portions of the alimentary tract are normally exposed 
to gastric secretion from above. Thdr blood forming 
activity might therefore be due entirely to passive adsorp- 
tion of Intrinsic factor of gastnc origin If this were so It 
might be more readily removed by prolonged washing than 
if actually secreted by the mucosa Accordingly a stream 
of cold running water was caused to distend and to pass 
through in different expenments several fresh spedtnens 
of the stomach the duodenum and jejunum (3 feet) or the 
lower half (IS feet) of the small intestine of the hog After 
6 hours of fudi washing the entire mucosa was separated 
from the muscular layer and ground with appmadmately 
400 grams of finely divided beef muscle per 100 feet of 
Intestine. In another series of preparations of duodenum 
and stomach the mucosa was finely minced and suspended 
in a Urge volume of cold water which was condnootoly 
agitated by an iofiowing stream After 6 boors the 
mucosa was filtered off excess water removed and ground 
with finely divided beef musdc The approximate pro- 
porbons, 400 grams of beef muscle to the mucosa of each 
six stomachs and 400 grams per 100 feet of duodenum 
were used The mixtures were then dried In a current of 
warm room air defatted and pulveriied As controls 
similar preparations of the vanous organs were mode, 
except for the prolonged washing 
Observations on 12 patients with typical addisooUn 
pemidous anemia were made. The hematopoietic activity 
of unwashed preparations of fleum, previously observed 
by others, was entirely confirmed Its blood forming 
power like that of the bog stomach was, however found 
to be readily destroyed by boiling and thus shown not to 
be due to active material wmllsr to that In liver A washed 
preparation of hog s stomach retained Its hematopoietic 
activity but the lower half of the small Intestine after 
washing possessed In three mstances no detectable, and 
in one instance only slight blood forming activity 
Washing did not remove the activity of the duodenal 
mucosa but mmdng and then washing rendered inactive 
the duodenal mneoea but not that of the stomach 
It is therefore suggested that the hematopoietic power of 
the unwashed" ileum of the bog U due to the passive 
adsorption of gastric secretion. Whether the activity of 
the washed dnodenum of the hog is due to an active 


secretion of Intrinsic factor as has been assumed by others, 
or to the inability of the washing pro ces B to get nd of a 
higher local concentratioo of adsorbed Intrinsic factor 
remains uncertain. Vanatloni In the texture and thick 
ness of the mucosa of the vanous organs cannot be excluded 
as a cause of the difference* In hematopoietic activity 
especially following the mmclng and washing procedurc- 

A Neviy Ricotnited GranuJopcnic Syndronu Caused by 
Excessive Spientc LeuloJysu and Successfully Treated ^ 
Spienedomy By B K. Wiseman (by invitation) and 
C. A. Doan Columbus Ohio 

Theoretically from the accumulated knowledge of 
splenic physiology there might be expected to occur a 
primary more or less specific, grannlopcnic syndrome, com 
parable to congenital hemolytic jaundice or thrombocyto- 
pemc purpura In which the spleen pathologically segregates 
and destroys leukocytes instead of red cells or platelets. 

Practically such a syndrome has been encountered 
during the past year b an acute, as well as in a sub-ocute 
and chronic, form The mechanism was estaUished by 
direct sternal marrow studies revealing In each Instance 
m>eIoid hyperplasia of qualitatively norinal cells by gross 
splenomegaly with profound peripheral granulopenia by 
ruling out associated Irver arrhosU (Banti • syndrome) 
chronic Infection and other contributing organic, drug or 
environmental factors and finally by the therapeutic test 
of splenectomy which was follow^ by a prompt re- 
establishment of a nortoal peripheral white cell count. 

Histologically each of the three spleens removed showed 
extreme cUsmatocytosU with excessive phagocytosi* of 
granulocyte*. 

Chemical extracts of the splenic tissue have been injected 
Into rabbits and monkeys In an attempt to reproduce the 
syndrome expenroentally 

The Expersmenlal ProducHcm of Coniesihe Sflenomeialy 
Prelimxnary Report By Loirts M Rousselot (by 
Invlutlon) and William P Thompson New York, N Y 
In on attempt to produce a congestive splenomegaly 
(BantTs syndrome) In dogs, vanous chronic hepatic 
Imtants have been tried. 

If a sterile suspension of 1 to U grams of SiOi particles, 
measuring 1 to 3 mlcra m size. Is Introdnced into the dog s 
splenic vdn the particles promptly dear through the Uver 
and appear in the hepatic lymph nodes. However if 
after several months silica is again Injected the partides 
remain m the liver where they produce a slowly progressive, 
periportal nodular fibrosis. A total of 6 0 grams, Injected 
in divided doses, will result In a widespread drrhosls, 
by the end of the second year With the development 
of this hepatic lesion portal hypertension and co n gestive 
splenomegaly appear the splenic vein pressure* rising to 
over 250 mm of HiO the spleens Increasing to from 4 to 6 
times their normal she Anemia and thrombocytopenia 
appear and in the one animal antopsled an esophageal 
rarix was present. i 
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Fatal Probable Rxboflamn Deficiency in Man By Henry 
Field, Jr , and (by invitation) Edwin C Wise, Ann 
Arbor, Mich 

Until recently, nothing has been known concerning the 
function of riboflavin m man Sebrell and his conorkers 
have studied riboflavin deficiency m dogs They reported 
sudden collapse and coma, promptly followed by death 
unless adequate doses of riboflavin were given The 
outstanding necropsy finding was a yellow motthng of the 
liver and fatty mfiltration of the hver and of the tubules of 
the kidneys 

We have observed patients who died unexpectedly and 
who, at autopsy, had similar fatty livers and kidneys The 
dried liver of one patient has been found by biological assay 
to contain 10 Sherman units of vitamin Bj per gram The 
Vourqmn-Sherman assay method is believed generally to 
measure nboflavm The value found is of the order of 
magnitude found m experimental animals dymg of riboflavin 
deficiency 

Fatty infiltration of the liver is a very common finding in 
patients dying of chrome disease It was found to be 
much more marked in a senes of autopsies of patients 
dvmg of ulcerative colitis than in a senes of patients dying 
within 24 hours after accidents It is suggested that a 
deficiency of the vitamins which are stored in relatively 
small amounts is an important factor in the death of such 
patients 

In Vitro and In Vivo Studies on the Dissolution of Phosphatic 
Urinary Calculi with Citrate Solutions By Fuller 
Albright and (by invitation) Hirsh W Sulkowitch, 
Boston, Mass 

This study was undertaken with the ultimate purpose of 
finding a solution which would dissolve phosphatic renal 
calculi on direct introduction of the solution mto the renal 
pelvis It was found that acid atrate solutions ivould 
dissolve phosphatic urinary calcuh m a surpnsingly short 
penod of time in in vitro experiments In order to study 
the quantitative effects of pH, of concentration of citrate, 
and of temperature it was found necessary to have a 
substance of umform composition Crystals of the mineral 
francolite were used for these solubility studies 

A case in which large bladder calculi were dissolved by a 
citrate solution mtroduced and withdrawn from the 
bladder by means of a constant tidal drainage apparatus 
will be reported 

Radwactive Iodine as an Indicator of Thyroid Physiology 
Observations on Animal and Human Subjects By S 
Hertz, A Roberts, and R D Evans (by invitation), 
and J H Means, Boston, Mass 

By means of artificially produced radioactive iodine, the 
authors were able to label various dosages of this element 
and study their fate m both animals and man The 
distribution in tissues, excreta, and body fluids was 
determined The quantity of iodine concentrated within 
the thyroid in vanous functional states, mcludmg Graves’ 
disease, was investigated The partition of the thyroid 
lodme among several chenucal fractions vas studied with 


the cooperation of Dr William T Salter, of the Huntington 
Memonal Hospital in Boston 
The rate of absorption and excretion of radioactive iodine 
can be taken as an index of that of ordinary lodme, since the 
radioactive isotopes differ in no chemical manner from 
stable isotopes This method of study offers advantages of 
accuracy nxceeding those of any chemical methods of 
iodine analysis so far applied to any clinical or biological 
problems 

Respiratory Metabolism of Human Muscle By Edgar S 
Gordon, Marc J Mdsser, and Irene Stark (intro 
duced by E L Sevnnghaus), Madison, Wis 
Because older methods of investigation of the myopathies 
have failed to reveal the true nature of any of these diseases, 
a totally different approach has been made to this problem 
through a study of the respiratory metabolism of human 
muscle, as measured with the Warburg and Barcroft types 
of respirometer Small sections of muscle for study were 
obtained at biopsy from the gastrocnemius Normal 
muscle, used as control material, was obtained m the 
operating room from individuals undergomg surgery for a 
vanety of conditions, m none of which was there any 
reason to suspect a disturbance of metabolism This 
techmque has made possible a study of the enzyme systems 
mvolved in the energy metabolism of muscle 
It seemed roost logical first to repeat with human muscle 
some of the well established animal work The important 
finding of Krebs on the in vitro action of msulin as a 
catalyst of mtracellular respiration has been confirmed m 
diabetic human muscle A failure to oxidize sucanate has 
been found to occur in muscle from two patients with 
myasthenia gravis, but the exact mechanism of this defect 
has not been determmed, and the phenomenon has not been 
observed in all cases of this disease In one case of 
myotonia atrophica and in one case of amyotrophic lateral 
sclerosis, the addition of pvruvate as a substrate caused a 
marked increase in respiration, which does not occur m 
controls 

The effects of vanous anesthetics were established and 
found to be ummportant except with the use of pyruvate as 
substrate with cyclopropane anesthesia These studies 
have provided suggestive evidence of chemical abnor- 
malities in pathological muscle and have given some helpful 
mdications for the planmng of further investigations which 
are now in progress 

Migraine of the Vasodilating Type Treatment •with 
Histamine By Bayard T Horton and (by invitation) 
Alexander H MacLean and Winchell McK Craig, 
Rochester, Mmn 

The results of treatment of 84 patients with migraine 
of the vasodilating type by “desensitization” with his- 
taimne are presented In this study, we have considered 
migraine as a functional vascular disease We recognized 
two types, the vasoconstnetmg and the vasodilating The 
vasoconstncting type is usually familial, begins in early 
life and is characterized by severe headache, frequently of 
the hemicranial type, which usually is associated with 
nausea, vormtmg, and ophthalmic symptoms The 
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vasodilating type begin* later in Ufe, 1* usually of the 
henucrenlal type and i* aisodated with cvjdcDce of 
vasodilatation watering of the eye, and blockage of the 
nottnl on the affected side Nausea vomiting and 
•cotoma* are Invariably absent 

During the past 18 months, we have observed 84 patients 
with migraine of the vasodilating type. Only patients who 
were refractory to other forms of treatment and who were 
having from 2 to 20 attacks a week were selected for study 
They were under observatbn for to 4 weeks. Detailed 
observations and experimental studies were earned ouL 
We were able to produce attack* of migraine of the 
vasodilating erythromelalgic type expenmentally by the 
administration of histamine and other vasodilating agent* 
and to control the attacks completely by the admlnts- 
tratioD of adrenalin and other vasoconstnctlng agent*. In 
2 cases, Immendon of the hand of the patient in cold water 
at 4 C for 1 minute caused a resultant rise in blood 
pressure which in turn brought about an abrupt cessation of 
the attack of pain Patients were unable to distinguish 
between induced and previous spontaneous nttacka. 
During the Induced as well as daring the spontaneous 
attacks, a rise of 1 to 3 C in surface temperature of the 
Involved regwn was observed These observations were 
made with electric thermocouple* while the patient was 
tmder cootioUed environmental conditions. 

The method of treatment consists in giving subcutane- 
oualy 0 OS mgm of histamine ts-nce a day for 2 consecutive 
days. On the third day the dose is increased to 0.066 
mgm twice a day and by the fifth day 0 1 mgm twice a 
day is well tolerated The injection of 0 1 mgm. twice a 
day IS continued for 2 to 3 weeks. 

Sixty five patients obtained definite permanent relief for 
periods of 2 weeks to 18 months. Several of these patient* 
have suffered from a rec urr ence of their symptoms but 
these recurrence# promptly responded to another course of 
treatment with bistarmne In cases in which treatment 
has been employed recently have been giving 0 1 mgm. 
of histamine subcutaneously at weekly Intervals whenever 
possible m an attempt to prolong the period of freedom 
from attack. Ten patients received no benefit from 
admimstratlon of histamine for 2 weeks and 9 patients 
have not been heard from since their dismissal from our 
care. 

In order to determine the rationale for the effect of 
histamine the size of the wheal and flare following the 
intracutaneous injectUDn of histamine of varying dQutlons 
has been used as an Index of the patient s response to the 
treatment by Brown and one of us (Horton) In 45 per 
cent of the cases studied the flare that appeared in 100 
per cent of the cases before treatment with histamine was 
begun could not be reproduced after treatment. Since 
formation of the flare is dependent on the axon reflex, the 
dally injections of histamine in some way have altered thb 
reflex mechanism 

Giunea pigs have been given relatively large doses of 
histamine subcutaneously twice a day for 2 to 3 weeks by 
one of us (Horton) and Essex, and later these animals have 
been gUTn intravenously approximately twice the calcu 
latcd lethal dose of histamine for guinea pigs Approxt 


roately 50 per cent of the guinea pigs which had received 
prcviouB injection of histamine recovered whereas only 13 
percentofthecontrolguinea pigsrecovered Hypertrophy 
of the adrenal glands occurred m the guinea pigs previously 
treated with histanune. 

Adrenoccritcal Fundhn tn Hypopttmlarism By D J 
Stephens Rochester N Y 

Anatomical findmgs in h>'pophytectomlzed animals and 
in patients with hypopituitansm would indicate that im 
pairment of adrenocortical function occurs in hypophyseal 
lasuflSaency and if so one might expect to find dls> 
turbances of electrolyte balance in pitmtary disease. 
With this in mind a study of the chloi^e excretion of a 
group of patients with hypopituitarism was made. The 
modification of the chloride depletion test recently de- 
scribed by Cutler Powers, and Wilder was used Six of 
seven patients with clinical evidence of well established 
hypopituitansm showed Increased concentration of salt In 
the unne similar to that which has been huad to be 
characteristic of adrenocortical msufliaency Four of the 
SIX patients developed symptoms suggesting those of an 
addisonian crisis. These symptom* were relieved by the 
intravenous administration of sodium chloride and adrenal 
cortex extract. In two patient* symptoms failed to occur 
and the results of the text were favorably modified after 
the administration of extra sodiaiu chloride and adrenal 
cortex extract 

The Auoy of Dtioxycorheoxterone AedaU and Ue Uu fn iM* 
Treatment of Addiums Dueast By R. A CLeghorn 
and (by invntatioo) J L.A Fowler and J S Wkhtel, 
Toronto Can. 

The TTilnlmjil amount of de*ox>’corticosterone acetate In 
on (Gba) necessary to maintam the Hood nonprotein 
nitrogen within normal limits has been determined on four 
adrenalectomized dogs The standard diet used consitted 
chiefly of lean meat and contained approximately 2 per 
cent sodium chloride by dry weight The hormone re- 
quirement varied from 0 031 to 0 17 mgm per kgm per 
dog per day 

Seven patients with Addison s disease have been sue 
cesafully treated with deaoxycorticosterone acetate. Four 
had previously been receiving sodium salts and an 
aqueous extract of adrenal cortex. It was found in four 
cases that 1 cc. of the desoxycorticosterone (5 mgm.) given 
intramuscularly on alternate days was a more effective 
maintenance dose than 5 cc. of the extract previoirtly used 
Blood chemical values were maintained within normal 
limits and the patients volnntarily stated that they 
experienced a greater sense of well being and vigor while 
receiving desoxycorticostercme acetate than previoasly 
Signs of excessive dosage were observed in one case 

The Treatment of Adrenal Insnffictency wtik Desoxy- 
corticosterone Acetate {A Synthetic Adrenal Cortical 
Hormone) By George W T^orn and (by Invitabon) 
R. Palmer Howard and Kendall Emerson Jr. 
Baltimore, Md 

Ten patients with Addison s disease received dally 
injections of 5 to 30 mgm. of de#oiy<trtlcostcrtme acetate. 
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Fatal Probable Rtboflavtn Deficiency tn Man By Henry 
Field, Jr , and (by invitation) Edwin C Wise, Ann 
Arbor, Mich 

Until recently, nothing has been known concerning the 
function of nboflavin in man Sebrell and his coworkers 
have studied nboflavin defiaency in dogs They reported 
sudden collapse and coma, promptly followed by death 
unless adequate doses of nboflavin were given The 
outstanding necropsy finding was a yellow mottling of the 
hver and fatty infiltration of the liver and of the tubules of 
the kidneys 

We have observed patients who died unexpectedly and 
who, at autopsy, had similar fatty livers and kidneys The 
dned liver of one patient has been found by biological assay 
to contain 10 Sherman units of vitamin Bi per gram The 
Vourqmn-Sherman assay method is believed generally to 
measure nboflavin The value found is of the order of 
magnitude found in expenmental animals dying of nboflavin 
deficiency 

Fatty infiltration of the liver is a very common finding in 
patients dying of chronic disease It was found to be 
much more marked m a senes of autopisies of patients 
dying of ulcerative colitis than m a senes of patients dying 
within 24 hours after acadents It is suggested that a 
deficiency of the vitamins which are stored in relatively 
small amounts is an important factor in the death of such 
patients 

In Vitro and In Vivo Studies on the Dissolution of Phosphalic 
Vnnary Calculi with Citrate Solutions By Fuller 
Albright and (by invitation) Hirsh W Sulkowitch, 
Boston, Mass 

This study was undertaken with the ultimate purpose of 
finding a solution which would dissolve phosphatic renal 
calculi on direct introduction of the solution into the renal 
pelvis It was found that acid atrate solutions would 
dissolve phosphatic urinary calculi in a surprisingly short 
penod of time in in vitro experiments In order to study 
the quantitative efl^ects of pH, of concentration of atrate, 
and of temperature it was found necessary to have a 
substance of uniform composition Crystals of the imneral 
francolite were used for these solubility studies 

A case m w hich large bladder calculi were dissolved by a 
atrate solution introduced and withdrawn from the 
bladder by means of a constant tidal drainage apparatus 
will be reported 

Ejodioactive Iodine as an Indicator of Thyroid Physiology 
Observations on Animal and Human Subjects By S 
Hertz, A Roberts, and R D Evans (by invitation), 
and J H Means, Boston, Mass 

By means of artifiaally produced radioactive iodine, the 
authors were able to label various dosages of this element 
and study their fate m both animals and man The 
distribution in tissues, exaeta, and body flmds was 
determined The quantity of iodine concentrated within 
the thyroid in vanous functional states, includmg Graves’ 
disease, was investigated The partition of the thyroid 
iodine among several chemical fractions was studied with 


the cooperation of Dr William T Salter, of the Huntington 
Memonal Hospital m Boston 
The rate of absorption and excretion of radioactive iodine 
can be taken as an index of that of ordinary iodine, since the 
radioactive isotopes differ m no chemical manner from 
stable isotopes This method of study offers advantages of 
accuracy exceeding those of any chemical methods of 
iodine analysis so far applied to any clinical or biological 
problems 

Respiratory Metabolism of Human Muscle By Edgar S 
Gordon, Marc J Musser, and Irene Stark (intro- 
duced by E L Sevnnghaus), Madison, Wis 
Because older methods of investigation of the myopathies 
have failed to reveal the true nature of any of these diseases, 
a totally different approach has been made to this problem 
through a study of the respiratory metabolism of human 
muscle, as measured with the Warburg and Barcroft types 
of respirometer Small sections of muscle for study were 
obtained at biopsy from the gastrocnemius Normal 
muscle, used as control matenal, was obtained m the 
operating room from individuals undergoing surgery for a 
vanety of conditions, in none of which was there any 
reason to suspect a disturbance of metabolism This 
techmque has made possible a study of the enzyme systems 
involved in the energy metabolism of muscle 
It seemed most logical first to repeat with human muscle 
some of the well established ammal work The important 
finding of Krebs on the in vitro action of insulin as a 
catalyst of mtracellular respuntion has been confirmed in 
diabetic human muscle A failure to oxidize sucanate has 
been found to occur in muscle from two patients with 
myasthenia gravis, but the exact mecbamsm of this defect 
has not been determined, and the phenomenon has not been 
observed in all cases of this disease In one case of 
myotonia atrophica and in one case of amyotrophic lateral 
sclerosis, the addition of pyruvate as a substrate caused a 
marked mcrease m respuation, which does not occur in 
controls 

The effects of vanous anesthetics were established and 
found to be unimportant except with the use of pyruvate as 
substrate with cyclopropane anesthesia These studies 
have provided suggestive evidence of chemical abnor- 
malities in pathological muscle and have given some helpful 
mdications for the planning of further investigations which 
are now m progress 

Migraine of the Vasodilating Type Treatment vnlh 
Histamine By Bayard T Horton and (by invitation) 
Alexander H MacLean and Winchell McK Craig, 
Rochester, Minn 

The results of treatment of 84 patients with migraine 
of the vasodilating type by "desensitization" with his- 
tamine are presented In this study, we have considered 
migraine as a functional vascular disease We recognized 
two types, the vasoconstncting and the vasodilating The 
vasoconstnctmg type is usually famihal, begms in early 
life and is characterized by severe headache, frequently of 
the hemicranial type, which usually is assoaated with 
nausea, vomiting, and ophthalmic symptoms The 
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vaiodilatlnj type begin# later In life I# imtally of the 
hemicranlal type and la atsodnted with evidence of 
vasodilatation, watering of the eye and blockage of the 
nostril on the affected side Nausea vomiting and 
scotomas are Invariably absent 

During the past 18 months we have observed 84 patients 
with migraine of the vasodilating type- Only patients who 
were refractory to other forms of treatment and who were 
having from 2 to 20 attacks a week were selected for study 
They were under observation for 2^ to 4 weeks. Detailed 
observations and experimental studies were earned out 
We were able to produce attacks of imgralne of the 
vasodHatmg erythromelalgic type experimentally by the 
administration of histamine and other vasodUatiog agents 
and to control the attacks completely by the adminis* 
tratlon of adrenalin and other vasoconstnctiog agents. In 
2 cases immersion of the hand of the patient in cold water 
at 4 C, for 1 minute caused a resultant nse la blood 
pressure which In turn brought about an abrupt cessation of 
the attack of pain Patients were unable to distinguish 
between Induced and previous spontaneous attacks 
During the Induced as well as dunng the ipontancons 
attacks a nse of 1 to 3 C In surface temperature of the 
Involved region was observed These observatioas were 
made with electnc thermocouples while the padent was 
under controlled environmental conditions 

The method of treatment consists m giving subcutane- 
ously 0 05 mgm of histamme twice a day for 2 consecutive 
days. On the third day the dose is Increased to 0 066 
mgra twice a day and by the fifth day 0 I mgm- twice a 
day is well tolerated The injection of 0 1 mgm twice a 
day is cemdnued for 2 to 3 weeks. 

Sixty five patients obtained definite permanent relief for 
periods of 2 weeks to 18 months Several of these patients 
have suffered from a recurrence of their symptoms, but 
these recurrences promptly responded to another course of 
treatment with histamine. In cases m which treatment 
has been employed recently we have been giving 0 1 mgm. 
of histamine subcutaneously at weekly Intervals whenever 
possible in an attempt to prolong the period of freedom 
from attack. Ten patients received no benefit from 
admmlstratlon of histamme for 2 weeks and 9 patients 
have not been heard from since their dismissal from our 
care 

In order to determine the ratwaale for the effect of 
histamine the size of the wheal and Bare following the 
mtracutaneous injectbn of histamine of \’aryiDg dilutions 
has been used as on mdex of the patient s response to the 
treatment by Brown and one of u# (Horton) In 45 per 
cent of the cases studied the flare that appeared In 100 
per cent of the cases before treatment with histamme was 
begun could not be reproduced after treatment Since 
formation of the flare Is dependent on the axon reflex, the 
dally Injections of histamine m some way have altered this 
reflex mechanism. 

Guinea pigs have been given relatively large doses of 
histamme subcutaneously twice a day for 2 to 3 weeks by 
one of us (Horton) and Essex, and later these animals have 
been given Intravenously approximately twice the calcu 
lated lethal dose of histamine for guinea pigs, Approxi 


mately SO per cent of the guinea pigs which had received 
previous Injection of histamine recovered whereas only 13 
percenter thecontrolguinea pigs r eco v ered Hypertrophy 
of the adrenal glands occ ur red la the guinea pig# previously 
treated with histamme 

AdrenocoTltad FuncHon tn Hypoptiutiarixm By D J 
Stephens Rochester, N Y 

Anatomical findings In hypophysectoraized animal# and 
In patients with hypopituitarism would Indicate that Im 
palrmcnt of ndrenoosrtlcal function occurs In hypophyseal 
insufiidency and if so one might expect to fimd dis- 
turbances of electrolyte balance m pituitary disease. 
With this In romd a study of the chloride excretion of a 
group of patients with hypopituitarism was made The 
modkcation of the chlo^e depletion test recently de- 
scribed by Cutler Powers and Wilder was used Su of 
seven patients with clinical evidence of well establlsbed 
hypopituitarism showed Increased concentration of salt In 
the urine similar to that which has been found to be 
characteristic of adrenocortical insufficiency Four of the 
fix patient# developed symptoms suggesting those of an 
addlsonian crisis. These symptoms were relieved by the 
Intravenous administration of sodium chloride and adrenal 
cortex extract. In two patients symptoms failed to occur 
and the results of the test were favorably modified after 
the admlautratkm of extra sodmm chloride and adrenal 
cortex extract, 

TU Assay qf VssaxycerheasUrme AutaU and iis Uu in the 
Treaiment qf Addisons Dutim By R, A. Q.SGHOKK 
and (by invitation) J L. A. Fctwlbe, and J S Wenzel, 
Toronto Can 

The minimal amount of desoxycorticosterone acetate in 
on (Ciba) necessary to maintain the blood nonproteia 
nitrogen within normal limits has been determined on four 
adrenalectomized dogs The standard diet used consisted 
chiefly of lean meat and contained approximately 2 per 
cent sodium chloride by dry weight The hormone re- 
quirement \’aned from 0 031 to 0 17 mgm per kgra per 
dog per day 

Seven patients with Addison s disease have been sne 
cesafuUy treated whh desoxycorticosterone acetate. Four 
had previously been receiving sodium salts and an 
aqueous extract of adrenal cortex It was found in four 
cases that 1 cc. of the desoxycorticosterone (5 mgra ) given 
mtrarauscnlarly on alternate days was a more effective 
maintenance dose than 5 cc. of the extract previonsly used 
Blood chemical values were maintained within normal 
limits and the patients volnntanly stated that they 
experienced a greater sense of well being and vigor while 
receiving desoiycortfcosterone acetate than previously 
Signs of excessive doaage were observed In one case 

The Treaiment of Adrenal InsuJJlctency with Desoxy^ 
eorikosterone Auiaie (A Synihettc Adrenal Ccrtkal 
Hormone) By George W Thorn and (by Invitation) 
R- Palicbr Howard and Kendall Ejikrbon, Jr,, 
Baltimore, Md 

Ten patients with Addison s disease received dally 
injections of 5 to 30 mgm of desory-cortlcosteronc acetate. 
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Despite sodium chlonde restnction this treatment resulted 
m marked clmical improvement and vras assoaated with an 
increase in plasma volume, body weight and blood pressure, 
sodium and chlonde retention, and an increased renal 
excretion of potassium Withdrawal of treatment (48 to 
96 hours) was follori ed by the onset of signs and symptoms 
of adrenal msuffiaency and resumption of treatment 
resulted m rapid recovery 

Under local anesthesia, pellets (75 to 150 mgm ) com- 
posed only of crj'stals of desoxy-corticosterone acetate 
were implanted subcutaneously, m the infrascapular 
regions in six patients with Addison's disease Treatment 
by this method resulted m marked clinical improvement, 
an increase m body weight and blood pressure, the mainte- 
nance of a normal concentration of serum electrolytes, and 
a positive sodium and chlonde balance The number of 
pellets necessary for maintenance was estimated from the 
daily requirement of desoxy-corticosterone acetate in oil 
At intervals pellets were removed and weighed and the 
quantity of hormone absorbed was determined The 
implantation of pellets obviated the necessity for daily 
in 3 ections and resulted in a considerable saving in hormone 
(30 to 40 per cent) A smgle implantation of pellets was 
found to provide adequate hormone therapy for several 
months 

Conclusions The effect of desoxy-corticosterone acetate 
treatment is similar to that of adrenal cortical extract 
' The implantation of pellets of crystallme desoxy-corti- 
e acetate appears to be feasible, and an economical 
and effective treatment for patients with Addison's 
disease 

The Effects on the Cardiovascular System in Man of 

Bensedrtne (Amphetamine) and Paredrine By M D 

Altschtjle and A Iglauer (mtroduced by S L 

Gargill), Boston, Mass 

The effects of amphetamme sulfate (benzednne sulphate) 
and paredrme bromide given in doses of 10 to 70 mgm on 
the cardiovascular system were studied in 15 normal 
human subjects The drugs were gpven by mouth or by 
intramuscular injection In three cases the effects of 
adrenalin v\ ere also studied 

Amphetamme (benzednne) and paredrme caused a 
marked nse m systolic and diastolic blood pressures, the 
latter bemg somewhat more effective than the former 
The cardiac output, pulse rate, pulmonary arculation 
time, venous pressure, and vital capacity were not changed 
In several instances transitory slowing of the pulse occurred 
at the onset of the nse m arterial blood pressure due 
apparently to a vagal reflex. In such cases there was also a 
transitory slight fall m cardiac output 

The effects of adrenahn were qmte different, consistmg m 
a slight nse m sjstohc blood pressure, no change or a fall in 
diastolic blood pressure, marked increase m pulse rate and 
cardiac output, and marked shortening of the pulmonary 
arculation time 

These findings suggest that parednne may be a useful 
drug in the treatment of certain types of shock m which 
stimulation of the mj-ocardium may be undesirable These 
include the shock of diabetic coma, ov em helming infection. 


and cardiac infarction Parednne is the drug of choice 
inasmuch as it has none of the stimulating effect on the 
cerebral cortex associated vnth the adinmistration of 
amphetamme (benzednne) 

The Frecordtal Electrocardiogram in Myocardial Infarction 
Complicated by Bundle Branch Bloch By Franklin D 
Johnston, Frank N Wilson and (by invitation) Hans 
Hecht, Ann Arbor, Mich 

It IS well known that bundle branch block either in 
transient or permanent form often occurs after a coronary 
occlusion and that it may modify the ventncular deflections 
of the standard leads so profoundly as to completely mask 
the characteristic QRS and T-wave changes of infarction 
This situation is espeaally apt to anse when left bundle 
branch block is present and under these circumstances 
precordial leads also fail to show the usual QRS changes of 
anterior myocardial infarction unless, as occurred in one of 
our cases, the mfarct e-xtends entirely through the lower 
end of the interventricular septum 

Wfhen right bundle branch block is present, recognizable 
QRS changes of anterior mfarction are often seen in 
standard Lead I, and abnormally large Q deflections are 
found m serial precordial leads 

Quantitative Measurement of Cardiac Stroke and Valvular 
Leakage in Man By Ancel Kevs and H L Friedell 
(introduced by C J Watson), Minneapolis, Mum 
Both systolic and diastolic areas of the heart can be 
measured on plates made with the multiple-sIit roentgen- 
kymograph A method was devised in which roentgen- 
kymographic plates were made simultaneously with 
acetylene-rebreathmg measurements of cardiac output 
From 21 expenmentson 13 normal subjects we found stroke 
, ... I' 1 45 1 45 \ 

\ diastole systole / 

The coeffiaent of correlation between the two estimates 
of stroke volume was -f 0 984 The mean discrepancy 
was ±51 per cent, the maximum errors were -b 10 7 
and — 12 2 per cent Similar results were obtained in 
myxedema and simple hypertension 

Nme patients with aortic or mitral regurgitation were 
studied The gross output of the heart exceeded the net 
stroke output in all cases The indicated valvular leaks 
ranged from 10 to 50 per cent of the gross stroke, and 
these values were closely parallel to the clinical findings 
Repetitions showed that these estimates of leakage are 
relatively constant All evidence indicates that our pro- 
cedure accurately measures (i) total heart volume, (2) 
total heart stroke, (3), net arculation, and (4) the volume 
of blood regurgitated 

The Effect of Congestive Heart Failure on Erythropoesis and 
Blood Pigment Metabolism By John V Waller (by 
invitation) and Herrman L Blhmgart, Boston, Mass 
Studies of the effect of congestive failure and its atten- 
dant anoxia on the red cells and pigment metabohsm and 
the relation of erythropoesis and hemolysis to changes in 
the blood volume have been made in thirteen subjects 
Before congestive failure beco mes pronounced, there is a 
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sympathectomy as ordinarily practiced for Rnynand s dis- 
ease of the upper extremities conrists of gangUonectomy, 
that Is, postganglbmc section They have maintained 
that faflore to core Raynaud s disease In the upper crtreml- 
tlea results becanse postganglionic sympathectomy In 
creases sensitivity to circulating epinephrine much more 
than preganglionic sympathectomy performed for the 
tower extremities does Oar studies indicate that lumbar 
gangllonectomy (prcgnngUomc section) does not increase 
eensltivlty of the arterioles of the toes to epinephrine 
ngmficantly Both pregonglkmlc section and postgan 
glionic sectloa of the sympathetic nerves to the hands 
increase the sensitivity of the digital arterioles to Intra 
venous Injection of epinephrine and m about the same 
degree^ Therefore what appeared to be a pleasant physio- 
logical explanation for the peculiar fact that Raynaud s 
disease of the feet may be cured routinely by sympathec- 
tomy whQe Raynaud s disease of the hands is not cured 
routinely by sympathectomy bat been reexamined and 
found to be of very uncertain value 

Th* Preparaixon ef Uembranes of Graded PormtabtlUy from 
CeUopKane** and Tknr Use as a ifeans of Meastmng 
Relaitve MoUcxdar Site By W B Setmou*. (lutro- 
duced by J M Hayman Jr ) Qevcland Ohio 
An elaboration of the method of McBaIn and Stnewer 
for increasiDg the pertoeabillty of DuPont Cellopbane" 
by Immertkm In zinc chloride solutions has been developed 
This permits the preparatiOQ of membranes of graded 
permeability The increase In permeability Is propor 
tional within certain limits to the concentration and the 
temperature of the zinc chloride solutions. The change 
In the membrane Is probably in the nature of a physical 
rearrangement of the ceUolose structure, no or very little 
Imbibition of water taking place. 

The advantages of cellophane over the collodion mem- 
branes used by others for measuring molecular sire are 
that the former are prepared quickly and easily and they 
do not absorb protein 

An estimation of the pore slie b obtained by means of 
PoIscvUle s law Membranes so calibrated have been 
used In ultrafiltenng normal human pbsma acada 
oxyhemoglobin and crystalline egg albumen The results 
Indicate that the size of the pores b rebtively uniform and 
that the molecules of oxyhemoglobin and aystallme egg 
albumen are nearly spherical and homodisperse acada 
solutions show polydlsperslon of molecules. Uslag plasma 
membranes of pnaper size will allow the passage of about 
40 per cent of the albumin fraction bolding beck the 
remaining albumin and all of the globulin The order of 
rebtive size of the above b pbsma albumin < egg albumen 
< acaoa < pbsma globuhn < oxyhemoglobin 

Spkerocytosu (and Increased Erythrocyte FragilUy) as Inds- 
coiors of Hemolytic AcUnty mih a Constderaiton of 
Differential FragUtty By William Dameshex and 
(by Invitation) Steven 0 Schwartz and Karl Singer, 
Boston Mass. 

Our previous studies demonstrated that spherocytosis 
(and Increased saline fragflity) b not pathognomonic of 


congenital hemolytic Jaundice but b common to vanous 
hemolytic syndromes Present studies demonstrate that 
thb phenomenon may be produced experimentally by 
various types of hemolytic agents dther in vtfro or in wo 
Distilled water saponin phenylhydrarine, lysoledthln 
or Immune hemoij'tic serum produced sphcrocytosb of 
varying degree, dependent primarily upon dosage. Studies 
of the bone marrow and of diameters of both reticulocytes 
and mature red cells mdlcate that the spherocyte is a 
mature erythrocyte which has been morphologically altered 
outside of the bone marrow Spherocytosis may thus be 
utilized as a morphological Indkator of mcreased hemolytic 
activity The degree of sphcrocytosb Is m general pro- 
portional to the rapidity of the hemolysis. 

Although aD spherocytes, however produced present 
Increased fragility to hypotonic solutions of sodium chloride 
(a physicocheralcal phenomenon) their behavior to other 
lysins such as saponin and lysoledthln differs In different 
experimental and pathological conditions. In other words, 
although spherocytes are rooqjbologicaHy slmlbr they 
may differ physiologically depending upon the type of 
lysln which has already acted upon the red cell Pre- 
liminary observations m various disease states suggest 
that the reaction of the spherocyte to rartous substances 
( differentia! fragflity") may be helpful in the differentia 
tJon of the various types of hemolytic anemia. 

Studies ef the Circvlaiion in a Group of CoiUie Athletes 

By Harold J Stewart and (by l^tatlon) Robert F 

Watson New York, N Y 

Id thb study the following measurements were earned 
out on a group of 14 college athletes who at the time, were 
members of a University football team artenovenous- 
oiygen difference ox^'gen consumption minute volume 
output cardiac work, vital capacity cardiac size, dreub 
tion time venous pressure artenaJ pressure and heart 
rate. Similar observations were made of a control group 
of healthy young men of the same age group engaged in 
ordinary activibes. The average values obtained for the 
athletes were as follows artenoveno os-oxygen difference 
equals 63 9 cc. per liter cardiac output (Index) measured 
2 12 liters per square meter of body surface area per 
minute stroke volume equals 65 cc, stroke volume per 
kilogram of body weight equals 0.80 cc. left ventricular 
w*ork per beat equaU 1 06 grammeters per kilogram of body 
weight venous pressure equals 9 2 cm of saline circulation 
time (decholln arm to tongue) equals 15 4 seconds, and 
tl»ecardiothoraejcratioequab42 Ppercent These values 
were compared with those for the control group and the 
only sjgmBcant difference appeared m the stroke volume. 
Thb difference however b believed to be the result of a 
difference in the average sue (weight) of the two group®. 
Electrocardiograms showed no variation from the normal 
m either group It b concluded that the circubtion in this 
group of college athletes as measured by these methods, 
shows no appreciable variation from that In a group of 
normal young adult males. 
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In 3 patients with obstructive jaundice, blood iodine of 470 
micrograms per cent, 1167 micrograms per cent, and 488 
micrograms per cent were obtained 20 days, 20 days, and 
30 days respectively after the administration of the dje 
In each of these cases, normal blood iodines were obtained 
pnor to cholecystography In a number of patients, 
lodme values of 10 to 40 micrograms per cent were ob- 
served shortly after the use of tincture of iodine on the 
skin for clyses, infusions, and transfusions 

Severe degrees of jaundice produced in cats by ligation 
of the common bile duct were not accompanied by sig- 
nificant elevation of the iodine content of the blood 
The elevated blood iodine in patients with diseases of 
the liver and biliary tract reported by previous investi- 
gators may be explained pnmanly by the antecedent 
admmistration of iodine, particularly of the lodme-con- 
tammg compounds used in cholecystography No clmical 
or expenmental evidence has been found to indicate that 
the liver exerts a specific function m regulatmg lodme 
metabolism 

The Relation of Hypertension to Coronary Atherosclerosis 
By Davtd Davis and (by invitation) Max J Klainer, 
Boston, Mass 

The relation of hypertension to coronary disease was 
investigated in 507 cases, 101 of these were studied by 
the injection-dissection technique of Schlesinger 

Patients with essential hypertension showed an apprea- 
^ably higher inadence of severe coronary disease than 
trols in each decade Below the age of 50 the differ- 
ces were as marked, or more so, than in the higher age 

On the other hand, a group of piatients with severe 
hyjjertension associated with pnmary renal disease and 
finally uremia showed a lower mcadence of severe coronary 
disease than controls in the same age groups 

The relation of the seventy of hypertension to the degree 
of coronary atherosclerosis was further investigated in the 
patients with essential hypertension by considenng both 
blood pressure levels and heart weights as indices of 
seventy Patients with severe hypertension showed the 
same incidence of coronary disease as those with mild 
hypiertension These findmgs (7) the low inadence of 
coronary disease in patients with renal hypertension, and 
(2) the lack of relationship between the degree of hyper- 
tension and the seventy of coronary disease in essential 
hypertension, are evidences that the hypertension per se 
is not a factor in the production of coronary atherosclerosis 

Iron Deficiency and Anemia Associated with Carcinoma of 
the Proximal Portion of the Colon By R L Clark, 
M H Power, and Frank J Heck (by mvitation), and 
E G Wakefield, Rochester, Minn 
The type of anemia that occurs with cananoraa of the 
proximal portion of the colon has been observed to be the 
same as that produced by a defiaent supply of iron for 
elaboration of hemoglobm The abnormal demands made 
upon the iron supply of the body are increased in instances 
in vhich the lesion is situated m the proximal portion 
Studj of the concentration of iron in the serum has 


furnished additional confirmation of a defiaency of iron 
In all cases of cancer of the nght half of the colon, the 
concentration of iron in the serum v’as low If severe 
anemia was present, a very marked decrease of the con- 
centration of iron occurred The anemia apparently can 
be arrested if a suffiaent amount is absorbed Recovery 
from the anemia followmg removal of the cancer was 
demonstrated to be dependent upon adequate absorption 
of iron Administration and absorption of iron following 
resection of the involved segment of the colon resulted in a 
return of the normal concentration of iron and hemoglobm 
m the serum In tuo cases the anemia accompanying 
carcmoma of the distal portion of the colon has been 
observed to be similar to that occurring in conjunction 
with carcinoma of the proximal position of the colon 

Carbohydrate Metabolism tti Paget's Disease By T L 
Althausen and A M Bassett (by invitation), San 
Francisco, Cahf 

Decreased dextrose tolerance is commonly found m 
Paget’s disease, and is usually ascribed to a diabetic 
tendency probably caused by a disturbance of the hypo- 
physis 

Eighteen patients with Paget's disease were given our 
test for intestinal absorption consisting of oral admmistra- 
tion of 40 grams of galactose followed by a blood galactose 
curve This test gives normal results m diabetes mellitus 
Among 18 patients with Paget’s disease, increased intes- 
tinal absorpbon was found in 15 The average peak of the 
curve in the whole group was 57 mgm per cent as com- 
pared to a normal peak of 19 mgm per cent. 

There was positive correlation between the galactose and 
dextrose tolerance curves Imjmired utilization of galac- 
tose was ruled out by intravenous administration of 
galactose There was no correlation between the increase 
m blood phosphatase or the basal metabohc rate m Paget’s 
disease and maeased mtestmal absorption of galactose 
Our data indicate that accelerated intestinal absorption 
rather than impaired utilization accounts for the decrease 
m sugar "tolerance” m Paget’s disease 

Fractionation of the Serum Proteins and the Takata-Ara 
Reaction in Cirrhosis of the Liver By James A 
Dadphinee, W R Campbell, and (by mvitabon) 
M I Hanna, Toronto, Can 

In certain forms of liver disease, particularly hepatic 
cirrhosis, there is a definite alteration in the level and 
character of the serum proteins This alteration consists 
m a decrease in the total protem which is accounted for 
largely by a decrease in the serum albumin However, in 
a number of instances of cirrhosis there is a decrease in the 
albumin-globulin ratio not only because of a decrease in 
the albunun but also because of an actual increase in the 
total globulin 

The Takata-Ara reaction has also been found to be 
jxisitive m many cases of curhosis and to be negative in a 
wide vanety of other conditions with relatively few 
exceptions These exceptions are commonly assoaated 
with an increase m the globulin fraction of the serum 
protems 
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By the use of the rapid and convenient eodium sulphite 
method of Campbell and Hanna for the separadon of the 
serum protem fracdons the levels of serum albunun 
pseodoglobulm 1 pseudoglobulln II euglobulln and other 
protems preapttated at a lower concentration than IS 
per cent sodium sulphite have been investigated In 
drrhoslB of the liver and In other conditions. An attempt 
has been made to correlate these findings with the results 
of the Talcata Ara reaction 

Many cases of drrhotls of the liver show a definite eleva 
tkm of the serum globulin which Is largely accounted 
for by an increase In the euglobulln fracdon There 
Is a close agreement betVr*een this elevatKm of the so-called 
euglobulln fraction” and the positive Takata Ara rcac 
tion although the ratio of this material to the albumin 
portion may play some part A peculiar feature noted m 
this senes of cases is the frequency with which the Takata 
Ara reaction appears to be correlated with fractions of 
serum protein mtermedlate m their behavior to sodium 
sulphite between euglobulm and fibnoogen In certain 
other conditions where there is a tlmilar change In the 
serum protela fractions the same correlation seems to 
exist, but this Is not conaittendy the case 

Vartations tn the Add Base Balanc* oj the InUmal Jutular 
Blood of lian Induced by Vdanlary Hyperpnea By 
L, F Nois (by Invitation) Kew Haven Corm and 
W G Lsnnox and F A. Gibbs Boston Mass. 
Samples of jugular blood were taken from 28 selected 
patients before during and after short periods of volun 
tory hyperpnea. From some of the patients mmultaueous 
arterial samples were taken from the femoral artery The 
carbon dioxide content the oxygen content and the oxygen 
capacity of the blood was measured by means of the Van 
Slvke method and apparatus To define the aod base 
condition of the blood It Is also necessary to determine 
either the pH or the carbon dioxide tension of the blood 
In the present experiments the pH was determmed with a 
glass electrode, and the carbon dioxide tensioa of the blood 
was calculated from the Henderson Hasselbach equation. 

As is well known overventllation prodncci changes in tho 
add base balance of the blood charactenxed b> a shift to a 
more alkaline pH and a lowered carbon dioxide tension 
This Investigation adds somewhat to our knowledge of 
how these changes occur with time The results also 
indicate that the brain has some control over the acid 
base balance of the jugular blood During the hyperpnea, 
for example the pH change that occurs In the venous 
blood is only about half that which occurs In the artenal 
blood 

Immtsndo[tcal Observations of FaHents mth PneumococcaJ 
pTtewnonta Treated vnik Sulfapyndine By Maxwell 
Fikland and (by mvitation) Williau C, Spbjko Jr- 
and Francis C Lowell Boston Mass, 

The studies were earned oat In the same manner as those 
by Finland and Brown In cases of Type III pneumonia 
It was found that sulfapyndlne exerts a greater bacterio- 
static effect in whole blood in ntro on both Type I and 
Type III pneumonia In lower concentratioDS than tulfanOa 


nude In addition a defimte bactcnadal effect was noted 
for large numbers of pneumococci of these types With 
sulfanilamide, bactericidal action was demonstrated only In 
occasional patienta when large amounts of the drug were 
added In patients under treatment with sulfapyridme, 
the bacteriostatic and bactcnddol effect of the blood 
corresponded to the tn vttro results obtained when corre- 
sponding concentrations of the drug were added to the 
Wood obtained pnor to treatment. ActliTly acquired 
antibodies (agglutinins and mouse protection) appeared at 
the usual time irrespective of the febrile course The 
optimum results were obtained when specific serum was 
given In combination with sulfapyndlne or in patienta 
treated with the drug alone when they had pnenmococcldal 
activity or had evidence of the appearance of protective 
antibody at the time treatment was begun. In a number 
of casesofTypelll pneumonia recovery occ ur red although 
no evidence of type-specific antibodies could be demon 
strated after treatment with sulfapyridme was dlicon 
tmued 

7^ Blood Vo/ume in Bright's Disease and Byperiension 

By John G Gibson 2d and Alfred W Harris 

(Introduced by Henry A. Christian) Boston Mass 

Blood volume sttxlica in patients with Bngbt s disease 
were made by the method W Gibson and Evans (J Clin 
Invest 1937 16 301) Cases were grouped according 
to the dmical classification of Bright s disease of Chris- 
tian (Interstate Post graduate Assembly 1931 pp 71 to 
74) 

In a group of 16 hypertensive patients without con 
gestive heart faffore there was no significant variation 
from the normal in plasma, orculating red cell, oc total 
blood volume even in markedly pletbonc appeanng 
patients. 

In 12 patients with chronic gfomerutar nephntls without 
edema and 10 patients with subacute gloraerular nephritis 
with edema (nephrons syndrome) total blood volume was 
definitely below normal due chiefly to a diminution In 
the orculating red ceil volume plasma volume being 
normal or slightly above As axotemla progreseed plasma 
volume tended to increase and circulating red cell volume 
to diminish In a linear relatjooship to the decrease m the 
red cell count but total blood volume remamed below 
normal In the anemia of nephritis the percentage rcduc 
tUm below normal in circulating red cell volume bcffc the 
sama relationship to the red blood cell count found m both 
primary and secondary anemia 

In the 5 cases with congestive heart failure plasma, 
circulating red cell and total blood volume while not as 
high as the level found In congestive failure In valvular or 
chronic myocardial disease (J Clin Invest 1937,16 831) 
were definitely higher than the average volume values at 
comparable levels of anemia found in the group of nephntics 
without congestive heart fallnre. In one case cardiac 
compensation was accompanied by a marked decrease m 
plasma circulating red cell and total blood volume even 
though the red cell count was about 2 mlllvon during 
failure and subsequently 
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CryslaUtne Instthn By Alexander Marble and (by 
invitation) Iluari Vartiainen, Boston, Mass 
Although “crystalline insulin" (Solution of Zinc-Insulin 
Crystals) was released for sale in August 1938, the rapidity 
of action and duration of effect of this preparation have 
remained controversial Insulm of crystalline type has 
been regarded by many as possessing a prolonged action 
In comparative studies earned out m both normal and 
diabetic individuals and in normal rabbits, the crystallme 
and amorphous types of insulm caused a prompt fall of the 
blood sugar which was almost identical in rate Both 
types, therefore, must be regarded as rapidly-actmg 
In normal rabbits the duration of action of the crystallme 
type was almost identical with that of the amorphous 
vanety In normal and diabetic human subjects the 
action of the former type seemed slightly prolonged With 
the diabetic individuals there occurred on the average a 
slightly greater blood-sugar-lowenng effect with insulm of 
crystalline type Following a single subcutaneous injec- 
tion on a day dunng which food was withheld, the lowest 
jxiint in the blood sugar curve was reached, on the average, 
in 6 hours m the case of the amorphous, and m 7 hours in 
that of the crystalline vanety In the return toward the 
initial value, there was a lag of approximately two hours 
when the crystalhne type was used 

Differences m values for sugar m blood and unne of 
diabetic patients dunng days of maintenance first on one 
type and then on the other type of insulm, were so slight 
s to be of relatively minor importance clinically although 
n-h some patients slightly lower values were obtained 
■g the crystallme vanety 

To simplify treatment, it is advisable to decrease rather 
than increase the number of types of insulin on the market. 
At the present stage of development it seems desirable to 
limit these to (o) a rapidly-actmg insulin which, if com- 
mercially practicable, might be of the amorphous type, 
and (6) a slowly acting vanety, the protanune zme 
insulin 

Periods of Cnsis and of SUxbtlizalion »n Addison’s Disease 
By James A Greene and (by invitation) George 
Johnston, Iowa City, Iowa 

Balance studies of sodium, potassium, and chloride have 
been made m a patient with Addison's disease At first, 
while sodium was being stored, enses occurred frequently, 
although large amounts of sodium and cortical extract 
were administered Later, as a sodium balance was 
established the enses promptly ceased Sodium balance 
was then maintained without admimstration of cortical 
extract, and even after the sodium mtake had been reduced 
about one-third for 24 days A negative sodium balance 
was then produced by a greater reduction of sodium mtake 
and was maintained for 11 days during which approxi- 
mately 37 grams of the stored sodium was excreted, but 
enses did not develop 

The study shows that the patient was strikingly less 
sensitive to omission of cortical extract or reduction of 
sodium mtake after sodium equilibnum had been estab- 
lished than dunng the penod of sodium storage In 
addition, the penod of induced negative sodium balance. 


following that of sodium equilibnum, appears to be the 
best time for studying the effect of administration or 
omission of cortical extracts, or of alteration of sodium or 
potassium mtake The effect of orally and hypodermically 
administered cortical extract upon the storage of sodium 
13 also reported 

The Associolion of Peptic Ulcer and Gallbladder Disease mih 
Coronary Atherosclerosis A Postmortem Study By 
Bernard J Walsh (by invitation), and Edward F 
Bland and Paul D White, Boston, Mass 
Because of recent interest m the combination of gall- 
bladder and gastro intestinal lesions with coronary artenal 
disease produced in dogs by the injection of acetylcholine 
(Hall) we have thought it important to compare the 
mcidence m man 

Clinical Experiences mih a Synthetic Estrogen, Stiiboesirol 
By Ephraim Shorr and (by invitation) George N 
Papanicolaou, and Benjamin F Stimmel, New York, 
N Y 

The recent synthesis by Dodds and coworkers of an 
estrogenic substance, Stilboestrol (4,4'-dihydroxy-«t, |3-di- 
ethyl Etilbene) has aroused considerable interest because of 
its powerful estrogenic activity, orally, as well as by 
subcutaneous use, and its chemical structure which differs 
greatly from the naturally occumng estrogens Recent 
clinical tnals m England have demonstrated its estrogenic 
activity in the human, its ability to produce the customary 
vaginal and endometrial changes, and the attendant relief 
of menopausal symptoms Its low cost and oral effective- 
ness should make it a valuable therapeutic agent providing 
Its use IS without harmful features The reports from 
England have mentioned an occaaonal transitory nausea 
by oral route, which was absent by subcutaneous mjection 
Our exfienence with the use of this drug is as follows 
Its estrogemc character and ability to reheve symptoms 
13 confirmed A large percentage of the patients, how- 
ever, have expenenced severe gastro intestinal disturbance 
not only by the oral route but mtramuscularly This 
effect of the drug appears to be central m ongm Until its 
significance is known, great caution seems to be warranted 
in the use of this drug to replace the natural estrogens 

The Effect of Anterior Pituitary Injections on the Blood 
Acetone Bodies of Adrenalectomised Rats By Reginald 
A. Shipley (introduced by Joseph T Weam), Cleveland, 
Ohio 

Fasting adrenalectomized rats have been tested for their 
blood acetone body response after injections of crude 
anterior pituitary extract by the analyses of samples of 
tail blood taken before and after injection Graduated 
doses of extract were given to groups of both adrenalecto- 
mized and normal rats m order that the respective assay 
curves could be compared The adrenalectomized rats 
were sensitive to the extract but their response was only 
one half to one-third that of unoperated rats when a com- 
parison was made on the basis of the size of dose necessary 
to produce a given response These findings indicate that 
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the fcetogwuc activity of the ptnltary gland la not neces- 
sarily mediated through the adrenal cortex^ 

Simultaneous blood and unne determination! were 
made In adrenalectomlicd rats receiving antcnor pituitary 
extract The results suggest that ketonuria faHt to occur 
In these animals because the rise in blood acetone bodies Is 
suffiacnt to exceed the urinary thrcsholcL 

Studits of Epxdemtcs of Infitunsa vhuh Occurred tn 1939 
By Frakk L, Horsfall Jjl, and (by Invitation) 
Monroe D EIaton Richard G Hahn and Frjtunpit 
R. Rickard New York, N Y 

Olnical studies were made of 174 cases m which the 
symptomatic syndromes were typical of mild epldcmk 
influenxa The cases occurred In three locallied epidemics 
In New York State during January 1939 Throat wash 
Ings were taken from 64 representative cates early In the 
disease and 32 of the washings have been inoculated Intra 
nasally In ferrets. Although serial passages were made In 
ferrets fever and nasal symptoms charactenitk of epidemic 
inOucnia virus Infection u’cre observed In only 10 or 31 
per cent, of the passage senes The difficulty that has 
been encountered In the Isolation of the etiological agent 
from these cases of epidemic influenza contrasts sharply 
with the fact that serological diagnoses were made with 
ease Studies of the acute and convalescent serum from 
the same cases have indicated that all but two did have 
epidemic Influenza vims Infection. Cross Immualty tests 
In ferrets with tv.'O of the strains of Influenza vinn Isolated 
from these epidemics have shown them to be antlgenkally 
diflerent from strains Isolated In previous years 

The GIhcou Supfdy h Jotni Caritlate By Eric G L. 
Bywaters (by Invitation) and Walter Bauer, Boston 
Mass. 

The glucose which joint cartilage has been shown (by 
manometric methods) to use reaches it by diffusion from 
synovial fluid If the concentration here falls glucose- 
deficiency will develop in the deepier layers of cartilage 
We have therefore investigated the entrance of glucose 
and other crystalloids Into the jomt cavity following 
Intravenous injection and its removal therefrom, both In 
normal calves and in patients with knee effusions 

It has been shown that whereas in normal joints there 
is a prompt rise to above venous level (as has been demon- 
strated m other body fluids) in certain diseased Joints there 
la a very small slow and IQ-sustained rise reaching a 
delayed peak at one-fifth of the blood level This U 
associated with a consistently low resting glucose level In 
the synovial fluid and with advanced pathological changes 
In the Joint 

That this failure to reach blood level is duo to utflliatlon 
can be shown by the Injection of glucose Into these Joints 
The level rapidly falls to well below blood level and utBlza 
tion can thus be measured From a knowledge of the 
metabolic activity of cartilage leukocytes and synovial 
membrane it can be shown that this sugar removal is 
due to on amount of synovial membrane comparable to 
that removed at synovcctora> In similar cases. 

Glucose deficiency may thus play some part In the im 


pairroent of cartilage seen m advanced rheumatoid 
arthritis and hence synovial sugar determinations may 
Indicate the proper time for the operative removal of this 
inflammatory tissue, 

TAs Gronmetric Ddermtnaium of Serum Proiexns By 
Bernard M Jacobson Boston Mass 
In a few pathological sera there were noted discrepancies 
between the values for protein content afforded by 
gravimetric determination and the results of the commonly 
used method of mtrogen determination These observa 
tloDS led to a systematic study of both normal and patho- 
logical sera Total mtrogen was determined by the 
KJehldahl procedure the protein nitrogen was multiplied 
by the customary factor 6ji5 The gravimetric determina 
tion was earned out by quantitatively preapltating the 
serum proteins with acetone washing the prcapltate with 
acetone and with ether drying to constant weight and 
finally ashing This acetone preapltate was uncootaml 
Dated with hpolds or with significant amounts of non 
protein nitrogenous substances. Preapltatloa of serum 
with trichloracetic aad followed by washing of the pre- 
cipitate with acetone yielded protein values identical with 
those obtained by dir^ precipitation with acetone. On 
the other hand considerably lower values were obtained by 
heat coagulation of the sera, for filtrates of such coagula 
contained much non-coogulable protein brought down by 
dtber acetone or trichloracetic acid 
In a large number of sera the total protein content was 
determined both gravimetncally and by means of the 
KJehldahl method In every Instance the protein content 
obtained gravimetrically exceeded the value afforded by 
the n i trogen determination This difference ranged from 

0 11 to 0 72 gram of protdn per 100 cc, of scrum or from 

1 6 to 133 per cent of the KJehldahl value In four fifths 
of all instances the difference exceeded 4 per cent of the 
KJehldahl value 

The explanation of these discrepanaes was furnished by 
the results of direct determination of the nitrogen content 
of the acetone j^edpitates. On an ash free bona such 
predpltates contained from 14 to 15 per cent nitrogen 
instead of the value of 16 per cent Implied by the usual 
conversion factor of 6 25 However the use of any other 
factor for aD sera was found Inaccurate consequent upon 
the variable nitrogen content of the total protdns of 
different sera. Thus for more exact determination of 
serum protdns the gravunetne method is recommended 
The labor required by the gravimetric procedure U no 
greater than that Involved In the KJehldahl determination 

Peripheral Rtnrtance and Vasomolor Reacitonr in Arlenal 
Hypertennen By Eugene A- Stead Jr. and Paul 
Kunkel (Introduced by Soma Weiu) Boston Mass. 
The nature of the arteriolar resistance and Its distribution 
In the body remain the fundamental problems In the study 
of the etiology of arterial hypertensKm Since the cardiac 
output Is normal In this disease, the average arteriolar 
resistance at rest must be locrcased It Is essential 
however to obtain meaiurcroents on the specific state of 
the arteriolar resistance In various organs and tl«ues and 
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to determine whether the peripheral resistance m any one 
organ can be reduced to normal by physiological vaso- 
dilating stimuli Evidence that the peripheral resistance 
13 uniformly high throughout the various organs and tissues 
and cannot be reduced to normal by physiological stimuli 
has been obtained by means of (f) plethysmographic 
determinations of the blood flow m the foot and hand, with 
the vessels wdely dilated by local heat of 43° C , (2) 
plethysmographic determinations of the blood flow in the 
muscles of the forearm, with the vessels widely dilated by 
exercise, (3) indwect estimations of the blood flow through 
the bram by artenovenous differences, (4) indirect esti- 
mations of the peripheral* resistance m the bram by 
postural experiments after the administration of sodium 
nitnte There was no significant difference m blood flow 
in any of the above organs between normal and hypertensive 
subjects Therefore, as the pressure head is greater m 
hypertensive subjects, the peripheral resistance in hyper- 
tension must be uniformly increased in each of these parts, 
otherwise the blood flow would be greater than normal 
Moreover, the findingof a constant increase in the artenolar 
resistance in the skin, muscle, and brain in the presence of a 
normal cardiac output suggests a similar increase m 
vascular resistance m the abdominal viscera 

In two subjects with marked hypertension, the blood 
pressure was greatly reduced for a time by a course of 
malarial therapy In one of these subjects, m whom 
hypertension had been known to be present for over 4 
years, the blood flow in the dilated foot decreased when the 
blood pressure was lowered, mdicatmg that the penpheral 
resistance was still high, even m the absence of hyper- 
tension In the second subject, who was known to have 
had a normal blood pressure 2 years previously, the blood 
flow m the dilated foot did not change when the blood 
pressure was lowered, mdicatmg that with the fall m blood 
pressure the penpheral resistance had become normal 
Both of these subjects were afebrile and ambulatory when 
the blood flow determmations were made 

The vasomotor reactions m the hand and foot were 
similar m normal and m hypertensive subjects A marked 
fall in pressure in two hypertensive subjects after malanal 
therapy caused no change in the vasomotor reactions 
Postural studies and plethysmographic measurements of 
venous tone indicated that the response of the vems to 
sodium nitnte in normal and in hypertensive subjects was 
the same 

Further Clinical and Experimental Studies on the Bal- 
listocardiogram By Isaac Starr, Philadelphia, Pa 

In the 1938 presentation emphasis was placed on the 
amphtude of the balhstic curves, which are a function of 
cardiac output Since then we have been giving attention 
to the interpretation of the abnormahties in the form of the 
records which have been found in certain cases 

Impacts similar to those seen in disease may be denved 
theoretically by assummg abnormal curves of blood 
veloaty m the aorta and pulmonary artery during a single 
systole 

Similar abnormal types of ballistic curves have been 


reproduced m animal experiments by asphyxia, by chloro- 
form, and by dnectly damagmg one side of the heart when 
the other was left intact 

Therefore it is concluded that the shape of the ballistic 
record is determmed by the changes of blood velocity in the 
aorta during systole When the heart is normal, maximum 
blood velocity is attained early in systole, when the heart is 
diseased, maximum veloaty is attained late in systole 
These conditions can be diagnosed by the ballisto 
cardiogram 

If one side of the heart is weak, and the other strong, the 
ballistocardiogram is also characteristic 

The Functional Measurement of the Number of Active 
Glomeruli and Tubules in the Kidneys of Normal and 
Hypertensive Subjects By H Chasis, H A, Ranges, 
W Goldring, and H W Smth (introduced by James 
A Shannon), New York, N Y 

In 1924 Richards and Schmidt (Am J Physiol , 1924, 
71, 178) noted by direct nucroscopic observation that only a 
certain proportion of the glomeruli, or of the capillanes in 
mdividual glomeruli, were active at any one moment 
This observation has been repeatedly confirmed, and it has 
been inferred from the behavior of glomeruh in the frog’s 
kidney that there is similar mtermittency of glomerular 
activity m the human kidney Did such mtermittency 
exist It would acquire increased sigmficance in view of the 
possibihty of a direct blood supply to the tubules in the 
human kidney via artenal-venous anastomoses (Spanner, 
ErgSnzungsheft z Anat Anz , 1938, 85, 81) The phjisi- 
ological importance of this pomt, and the clinical im- 
portance of determining whether there exists any tissue in 
the hypertensive kidney which is rendered ischemic by 
reversible vasoconstriction of renal arterioles has prompted 
us to measure the quantity of active glomerular and 
tubular tissue by saturation methods 
The total active tubular tissue in the kidney has been 
measured by elevating the plasma level of diodrast to a 
point where all the tissue recavmg blood is excreting this 
substance at the maximal rate (diodrast-Tm, as described 
by Smith, Goldnng, and Chasis, J Chn Invest , 1938, 17, 
263) The total active glomerular tissue has been meas- 
ured by raising the plasma glucose to a point where the 
tubules are reabsorbing this substance at the maxunal rate 
(glucose-Tm, as described by Shannon and Fisher, Am J 
Physiol , 1938, 122, 765) If any glomeruli can be opened 
or closed by physiological means the fact will be revealed 
by an increase or decrease m the number of nephrons 
reabsorbmg glucose, and therefore by a corresponding 
change in the value of glucose Tm At appropnate 
plasma levels of diodrast and glucose these measurements 
reveal the quantity of functioning tissue, and are in- 
dependent of variations in renal blood flow or filtration 
rate 

Diodrast-Tm and glucose Tm have been measured in 
normal and hypertensive subjects under basal conditions, 
during renal ischemia mduced by adrenin, neosynephnn, 
tyrannne, etc , and dunng sustained renal hyperemia 
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VariclioHS in the Ccdehydroinuue I and II Content of the 
Blood and Urine tn Bealih and Disease By Richasd 
W ViLTKi and Soe Potter Vilter (by Invitabon), and 
Tom D Spies Qndnnati Ohio 

A method (or the determination of codehydrogenaeet I 
and II aensiuve to 1 part per 200 000 000 hai been devi*ed 
and used m this investigation The codehydrogenase 
values found m the blood and urine of 30 well Dourished 
'' members of the hospital staff were arbitrarily designated as 
normal In contrast, the codehydn^enase In patients 
with pellagra in relapse, severe diabetic addosis, lobar 
pneumonia vanous mahgnant tumors, leukemia, and thud 
degree bums was found to be 1/2 to l/120th of normal 
values. 

Repeated detennlnatkms were made before during 
and after therapy with nicotinic aad riboflavin or thiamin 
on samples of blood and urine from 10 pellagnos. The 
coxymase increased 400 per cent within 24 hours following 
the oral administration of nicotinic add Ten cases of 
lobar pneumonia showed 100 per cent Increase m Wood 
codehydrogenase within 6 to 24 houra after crises induced 
by serum or sulphapyrldinc 10 cases of diabetic addosis 
studied before dunng and after control by recog 
nized therapy with insnlm fluids, and glucose showed 
codehydrogenase values comparable to those found In 
pellagrins 10 cases of mahgnant tumors before dunng and 
after x ray therapy were studied. Before therapy the 
tumor cases were found to have codehydrogenase values 
1000 per cent greater than those found In the blood of 1$ 
patients suffering from leukemia, both lymphatic and 
myeloid who were followed In the hospital and at home for 
periods of time up to 5 months The eirtremely low values 
for blood codehydrogenase found In the leukenuc groop of 
patients failed to respond to large doses of nicotinic add in 
contrast to the pellagrins but could be Increased 12 000 
per cent when yeast, nicotinic aad and nboflavin were 
administered Values of blood codehydrogenase 1/IOOth 
of normal were found immediately foUowing hospital 
admission, in three indivldaals with third degree bums 
Thus the variations of codehydrogenase In the human 
body during severe infection metabolic disorders, mallg 
nant tumors, leukemia, and bums have been determined 
and have been compared to a group of 30 healthy well 
nourished mdlviduals who were used as controls. 

The significance of these results will be discussed. 

Factors Infiuenani Edema Formaium tn the Eydtds of Man 
By George E Burch Gntroduced by J H Muaser) 
New Orleans, La 

This presentation Includes observations demonstrating 
marked dlstenslbihty of the tissues of the eyelids, greater in 
amount than that found for any other common edema site 
studied Although the subcutaneous tissue pressure of the 
lower lids normally is about equal to that of the forearm 
the loose areolar tissue and markedly stretchable sldn 
renders the eyehds extremely distensible, to such an extent 
that wnth the acciunulation of interstitial fluid they cannot 
benefit by the limiting influences of the sHn and tl»ue 
pcofure in curtailing edema formation The linear rate of 
lymph flow In the superficial lid lymphatics was found to be 


greater with lid movement blinking and with the subject 
in the upnght or sitting position than in the relaxed su^ne 
position. 

This study was conducted on 80 living indlvidnals 50 
normal and 30 with edema of the eyelids due to various 
causes The subiects varied from 8 to 84 jTars In age and 
Included males and females of the white and negro races In 
about equal numbers. 

The mean subcutaneous tissue press ar e measured by a 
method previously described for 21 normal lower eyelids 
was found to be 23 4 d: 0 7 mm of water with a standard 
deviation of 5 1 d: 0 J and minimum and maximum values 
of 16 and 32 respectively For short periods of time the 
tissue pressure In the lids was not significantly affected by 
variations with respect to heart level or by loose closure of 
the eyes as In sleep Subcutaneous ln}ectiona of 1 0 cc. of 
normal salme (NaQ) into 10 lower lids prodiKXd practically 
DO nse in tissue pressure a moderate but significant rise In 9 
atrophic breasts and 9 loose abdominal walls of multipame 
and 8 prepuces, and a marked nse m the volar surfaces of 10 
forearms and 10 pretlbiaJ areas. In 30 patients with 
vanous types of edema of the eyehds the tissue pressure was 
found to be only slightly elevated the pressiue In the hds, 
In spite of the edema being lower than that m remote non 
edematous arcus as the forearm and prepuce. The linear 
rate of lymph flow in the superficial lid lymphatics meas- 
ured by the McMaster method of 50 eyelids m 20 normal 
subjects was increaaetf over that £q the relaxed supine 
position by sitting and by lid movement, bllnbng The 
skin distcnsibOity ( stretchabDlty"), determined by n 
method previously described of the 20 lower lids of 10 
normal subjects, was found to be 1.23 d: 0 06 mm per cm 
of sldn per 20 grams of force with a standard deviation of 
0 43 d: 0 05 The skin of the lids was found to be more 
distensible than the sldn of any area studied being ap- 
proximately 3 times as distensible as that of the sldn of the 
prctiblal area, 2 5 times that of the volar surface of the 
forearm twice that of the dorsum of the hand 1 75 times 
that of the dorsum of the foot and U times that of the 
abdomen 

The interplay of these factors favors the development of 
edema in the cjeilds and fn systemic diseases equally 
affecting the interchange of fluid between the blood vessels 
and tissue spaces generally as in acute hemorrhagic 
nephritis, the eyelids would be prone to an early develop- 
ment of edema, especially at night, with a tendency to 
recede during the day with activity 

Further Eridence for tie RBe of the Adrenal Cortex tn 
Carbohydrate MdaMtsm Relation of the Adrenal Cortex 
to Amylase Admty tn Blood Serum and Ztrer of the Do[ 
and Rabbit By Oliver Cope and (by invitation) 
Israel Kapkice Adrian Lambert T Dknkie Pratt 
and Max G Vbrlot Boston Maas, 

In the adrenaJectomlzcd dog upon withdrawal of 
cortical extract, there is a sharp nse m amylase activity of 
the blood eerura The level of amylase activity reached in 
24 hours, although not maximum Is equal to that seen In 
the hypophysectonuxed dog or In human pancreatitis. 
With the development of adrenal insufficiency there tf a 
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further progressive moderate nse m activity until death 
The final level reached is higher than that we have observed 
under any other condition This nse m blood serum 
amylase activity is the most sensitive objective measure of 
adrenal cortical insuffiaency yet observed in the dog 
Following the removal of only one adrenal gland in four of 
seven dogs there was a rise m serum amylase activity 
returning to normal within a few weeks After the 
removal of the second adrenal and the withdrawal of 
cortical extract, in all dogs the high level of serum amylase 
activity IS reached 24 hours or longer before any changes are 
demonstrable in the hematocrit, nonprotem nitrogen, 
serum protein, serum sodium, potassium, or chloride 
Doses of adrenal cortical extract (Eschatm) sufiSaent for 
maintenance of the adrenalectomized dog m apparent 
normal state, as judged by vigor, appetite, and the above 
laboratory data other than the amvlase, are not suffiaent 
to maintain the serum amylase activity within normal 
limits Five to ten times the dose needed [or ordinary 
maintenance is required to keep the serum amylase 
activity withm normal limits after removal of the second 
adrenal or to return and maintain it within normal hmits 
after cortical insufficiency has been allowed to develop 
The amylase activity of the hver in terminal insufficiency 
IS increased over the normal It is possible but not proven 
that the changes m the serum amylase reflect changes in 
liver function 

In the adrenalectomized rabbit the changes in the blood 
-1 I amylase activity are the reverse of those seen in the 
ng The changes, however, are of a lower order 
In spite of the sensitivity of the amylase system of the 
dog to changes in adrenal cortical function it is not con- 
cluded that control of the amylase system by the cortex is 
the primary function of the gland The difference in the 
behavior between the dog and the rabbit suggests that 
there may be some intermediary step as yet unsolved 

Effect of Orally Admmvstered Cortical Extract upon Sodium 
and Chloride Balance in Addison's Disease By Jerome 
W Conn and Freida W Silverman (introduced by L 
H Newburgh), Ann Arbor, Mich 
Several reports indicate that adrenal cortical extract is 
effective when administered orally to adrenalectomized 
animals We know of only one study (Thome, 1938) m 
which the effect of oral admimstration of cortical extract in 
Addison’s disease has been evaluated by means of elec- 
trolyte balance Thorne found that 2i times more extract 
was necessary by mouth than when injected 

In the present investigation, a severe case of Addison’s 
disease was fed a constant diet for SS consecutive days 
The diet was maintenance in calories and contained 7 5 
grams of sodium salts Water intake was constant The 
comparative effectiveness of parenterally and orally 
admimstered cortical extract, based upon sodium and 
chloride balance in addition to clinical manifestations were 
thus observed 

Conclusions 

1 Adrenal cortical extract is physiologically effective 
when taken orally 


2 In terms of fresh gland, half as much extract was 
needed by mouth as when given parenterally to bnng 
about sodium and chlonde equilibrium 

3 When 7 grams of sodium chlonde were added to the 
basic diet the amount of orally administered extract needed 
to maintain sodium and chloride balance was half of that 
required on the basic diet alone 

These results are in accord with reported observations on 
adrenalectomized ammals 

Expenmenlal Studies on Beadache Observations on Pam 
Pathways By George A Schumacher (by invitation) 
and Harold G Wolff, New York, N Y 
The purpose of the investigabon was to determine what 
afferent nerves conduct the impulses interpreted as 
headache Headaches were induced exjienmentally by 
injecting 0 1 mgm of histamine phosphate mtravenously 
Normal subjects regularly develop bilateral headache under 
these circumstances Patients who had jiartial or complete 
sections of the sensory root of the trigeminal nerve, with 
partial or complete hemi analgesia of the face and antenor 
half of the scalp were invesbgated (operations performed by 
Dr Bronson S Ray) Also studied were pabents who had 
secbons of the upper cervical sensory roots with resultant 
ocapital hemi analgesia Pabents who had dorsal root or 
brain stem disease resulting m partial or complete analgesia 
on one side of the back of the head were likewise invesbgated 
It has been shown that histamine headache results from 
the stretch of cranial artenes In order to be sure that the 
cranial arteries were being stretched adequately dunng 
these experiments photographic records of cramal artery 
pulsabons were made during each induced beadache 
Four patients who, as a result of mcomplete sechon of the 
tngemmal sensory nerve root, had unilateral loss of 
sensabon over the lower part of the face, had headache 
mduced by histamme on both sides of the head, in the 
front and back. 

Five pabents who, as a result of complete secbon of the 
trigeminal sensory nerve root, had, in addibon to hemi 
analgesia of the lower half of the face, unilateral loss of 
sensation over the frontal, temporal, and panetal areas, 
did not have headache induced by histamine in these 
regions However, they had headache elsewhere in the 
head, includmg the opposite fronto-panetal region and the 
back of the head 

The ligation of the middle meningeal and temporal 
artenes (necessary for trigeminal root secbon) did not 
explain the absence of "induced" headache This was 
shown by the occurrence of the headache when the artenes 
were ligated as above, but the tngemmal root was only 
partially transected 

Two patients who had unilateral loss of sensabon in the 
occipital region did not have headaches mduced in this 
region by histamine They did, however, have headaches 
elsewhere in the head, including the opposite occipital 
region and the front of the head 
Other data indicated that there were additional, though 
less important afferent pathways In short, impulses from 
cramal artenes of the front of the head conducted through 
the sensory root of the fifth cranial nerve, were mamly 
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re»pon»ibIe for frontal temporal and parietal headache 
The uppca- cervical scnaory root* conveying impnlsea from 
cranial artenea from the back of the head were chiefly 
rctponiible for ocdpital headache 

The ES^ds of Haded Beterolozoui Ktdney Exiracte on 
Blood Presrure By Euoehe M Lakdis and (to' 
invitation) W A, Jetfiers, Philadelphia, Pa. 

The injection of simple saline extract# of Udney tisane 
both homologous and heterologou#, is frequently followed 
by unpredictable results ranging from sudden death of the 
injected animal to various combinationi of pressor end 
depressor effects Heated (55 to 56® C for 20 mmntea) 
and filtered extract# prepared from rabbits Iddoeya 
consistently elevated the blood pceasure of unanesthetlxed 
rabbits and did not contain depiressor or lethal substances 
0 Clim Invest 1938 17 189) 

This method was used to prepare similar 10 per cent 
extracts from the Iddncys of rats guinea pigs, rabbits 
dogs, and mam The solutions obtained were entirely 
dear yellowish or pink In color and contained apprend 
mately 0 10 per cent albumin and 0 12 per cent globuUn 
These extracts were pres er ved m ampules by freezing and 
desiccation vacuo (Cryochem process) later they were 
redissolved centrifuged and Iramediately Injected Into 
unanesthetized rabbits and into rats guinea pigs, rabbits, 
and dogs under light ncmbotal anesthesia Dosage was 
adjusted so that the animals received equivalent amounts 
of fluid and of solid extract according to body weight. 

In this group of animals the pressor effects of the 
respective extracts were not species-spedfic, since each 
extract raised the blood pressure to some degree in all 4 
species However the potency of the extracts differed 
occordmg to species in that extracts of rabbits kidneys 
were most highly active throughout while those of human 
kidnevs were often almost inactive, with rat and guinea pig 
extracts In an Intennediate position as to potency The 
average sensitivity of the 4 species also differed la that the 
guinea pig was most responsive, and the rabbit least 
responsive with rat and dog Intermediate 
TTie results obtained with fractional ammonium sulphate 
precipitation followed by suitable dialysis Indicate that 
heating to 55 C while diminishing depressor and toxic 
effects, also precipitate* or destroys at least some of the 
pressor substance, partlcalarl> in the extracts from kidneys 
of dog and man. 

A Double AUemahrtg Presture Chamber lo Provide Adequate 
Lani Veniilahon Without DucemiUe Luni ifooemenL 
By Alvaw L Barach New York, N Y 
Instead of a rhythmical increase and de crea se m the 
volume of the lungs, which characterize* normal respira 
tlon Thuneberg (1926) suggested that a change of one- 
sixth of the barometJic pressure applied to an bdlvidual 
within a chamber would result m adequate pulmonary 
ventilation without movement of the chest wall The 
paindple depends On the physical law that the number of 
gas molecules present In a gas container vanes with the 


pressure under which the gas Is kept m the container 
IffOvlded the wlume and pressure remain constant. 

We constructed a small room m which an altcmatmg 
pressure of 110 mm Hg was produced 25 time* a minute 
using a large air compressor and a special valve mechanism 
Animal and c l i n ical studies showed that pre taur e m the 
positive cycle was applied to the outer chest wall earher 
and was of slightly larger extent than that which was 
transmitted through the bronchi and alveoU to the Inside 
surface of the chest Continuous cessation of discernible 
lung movement wa» accomplished by placing the body of 
the patient in an Inner chamber with the head protruding 
Pressure to the outer chest wall was then delayed until the 
lung* were suitably filled with afr Under these arcum 
stances no discernible chest movement took place while the 
lung# were bong ventilated The accomplishment of 
continuous lung rest has been shown to be clinically 
feasible and is accompanied by no appreciable alteration in 
the oxygen or COi content of the arterial blood the venous 
pressure or the circulation time. 

A Common and Important Error in the Measurement of 

AuricuioventneuiaT Conduction (P-R Interval) By 

Paul D White and (by mvitauon) Stephen A, Foots 

and C Edward Leace Boston Mass, 

In the course of routine electrocardiography we have 
discovered that an error it sometimes possible in the 
measurement of the P-R(Q) interval and therefore in tha 
estimation of the aunculovcDtncular conduction time, 
which may result in an erroneous diagnosis of partial heart 
block with the clinical Implications that attend such a 
diagnosis 

It ha* been the custom almost universally, to measure 
the P-RfO) interval in Lead 2 and usually to consider the 
bngest P-R(Q) interval as the correct P-R interval 
measurement. This has probably been done because the P 
waves end often the QRS wave* are larger and better 
marked In Lead 2 than in the other leads However an 
error can arise when the QRS in Lead 2 begins with an iso- 
electnc phase which can be discovered only by the com 
parison of the QRS waves In the three leads. 

Thus the Q wave m Lead 1 may neotralite an R wave 
in Lead 3 when these waves are of the same amplitude 
tune, and duration or they may partially neutralizo each 
other thus erroneously addmg to the P-R(Q) Interval in 
Lead 2 Also R ui Lead 1 and Q In Lead 3 a still more 
common comblnatton may considerably neutralize each 
other to produce an lai>electnc level in Lead 2 

It u important to bear in mind the poenbllitv of this 
error and to measure the P-R Intervals In Lead* 1 and 3 
as well as b Lead 2 Actually the shortest P-R Interval is 
the correct P-R interval no matter what Ie*d we study 
provided the P wave begins simultaneously in the three 
leads. We suggest that if the Interv'al from the beginning 
of the P to the end of the S Is found equal b the three 
leads the shortest P“R(Q) interval should be taken as the 
correct measurement of auriculoventncular conduction 
time. 
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The Clot Promoting Aclmty tn Hemophilia of BerkefeMed 
Normal Human Plasma Free from Ftbnnogen and Pro- 
thrombin By Eugene L Lozner, Robert Rare, and 
F H L Tatlor (introduced by George R Minot), 
Boston, Mass 

Previous investigations have shown that platelet free 
normal human plasma is effective m accelerating clot 
formation of hemophihc blood both tn mvo and tn vitro 
The activity of such plasma has been shown to be asso- 
ciated with the globuhn fraction of the plasma protems 
Among the known constituents of this globulm fraction 
are fibnnogen and prothrombm Using precipitation and 
adsorption methods it has been possible to make prepara- 
tions from citrated normal plasma free from these proteins 
After the removal of either prothrombin or both pro- 
thrombm and fibnnogen from citrated normal human 
plasma it was found that the remainmg fluid promoted the 
clotting of hemophilic blood tn vtlro When similar prepa- 
rations were injected mtravenously into patients with 
hemophilia, the coagulation time of their blood approached 
normal limits Repeated mjecbons mamtamed the shor- 
tened coagulation time of the patient’s blood The effects 
of the injections were entirely similar to those of unmodified 
normal human plasma or whole citrated blood 

The Significance of Changes tn Synovial Fluid Mucin in 
Joint Disease By Marian W Ropes (mtroduced by 
Granville A Bennett), Boston, Mass 

Knowledge of the charactenstics and functions of mucin 
IS essential for an understanding of the physiology of 
jomts and determination of the ongin and removal of 
mucm 

Synovial flmd muan is composed of protem and poly- 
saccharide elements the structure and mode of combmation 
of which are not established defimtely The physico 
chemical properties mdicate some functions of mucin 
The high viscosity and resultmg lubncatmg power of 
synovial fluid are due to mucm The high base bmdmg 
power of mucin explains the observed effect on distribution 
of calcium between plasma and fluid Osmotic pressure 
studies indicate the sigmficance of muan in the exchange 
of water 

Changes in muan in pathological fluids are of diagnostic 
value In traumatic fluids the unit concentration is normal 
(0 85 gram per 100 cc ) In fluids from specific infectious 
and rheumatoid arthritis the unit concentration deaeases 
in accord with the degree of inflammation Despite the 
decreased muan concentration the umt concentration of 
glucosamine remains high indicating mucm breakdown 
The charactenstic preapitation of muan is lost and the 
viscosity of the flmd decreased in accord with the seventy 
of the arthntis The findmgs indicate that the entrance 
of muan is increased in inflammation and that the destruc- 
tion of mucm 13 inaeased m severe mfectious joints 

The similanty of these changes to those produced by 
“muanase” (isolated from B Welchu) suggests an enzy- 
matic nature of the changes in pathological fluids No 
mucinase has as yet been demonstrated in pathological 
fluids 


The Mechanism of Uric Acid Elimination by the Kidney 
By Frederick S Coombs (by invitation) and John H 
Talbott, Boston, Mass 

Simultaneous inulin, creatmme, and unc acid clearances 
were done in normals and in 20 patients with gout The 
patients were divided arbitrarily into three groups (J) 
no disturbance of inulm clearance, (2) mild disturbance, 
(3) severe disturbance Subcutaneous and osseous tophi 
were observed in subjects of each group 

Previous work has shown that inulin excretion may be 
taken as a measure of glomerular filtration It is assumed 
that in man, unc acid is excreted in the glomerular filtrate 
and is not a product of tubular activity Our data mdicate 
that normals and gouty patients of the first group have a 
unc aad clearance of approximately 10 per cent of the 
inuhn clearance This means that 90 per cent of the unc 
acid 13 reabsorbed from the glomerular filtrate Patients 
wnth a moderate disturbance of inuhn and creatinine clear- 
ance have a similar unc aad clearance and tubular re- 
absorption A progressive decrease m the excretion of 
phenolsulphonephthalem and the ability to concentrate 
unne above 1 020 is noted, however 
The third group shows severe impairment of inulm and 
creatiiune clearance, phenolsulphonephthalem excretion, 
and ability to concentrate unne Tubular reabsorption of 
unc aad is about 70 per cent An approximately normal 
unc acid clearance results in spite of dimimshed glomerular 
activity In this group only are nitrogenous products 
retamed m the serum and the blood pressure elevated 
Advanced glomerular and tubular dysfunction is presumed 
Clearance studies were repeated in several patients 
following the administration of cmcophen, colchiane, and 
salyrgan No effect upon the inuhn and creatinme clear- 
ance was noted Diminished tubular reabsorption and 
increase in uric aad clearance was observed in patients 
without severe renal imjjaument followmg the adminis- 
tration of 45 grams of cmcophen or 2 cc of salyrgan 
Patients wnth advanced gouty nephritis show mimmal 
changes in unc aad clearance Colchicine m therapeutic 
amounts produced no change m uric acid clearance 

It is concluded that gouty patients show no selective 
mfenonty for excretion of unc aad In advanced gouty 
nephntis a profound disturbance of glomerular filtration is 
observed without concomitant dimmution of unc aad 
excretion This is thought to be due to failure of re- 
absorption in the renal tubule Cmcophen and salyrgan, 
similarly, prevent unc aad reabsorption in the tubule 
The pathogenesis of the mcreased concentration of unc 
aad in body fluids of patients with gout is believed, 
therefore, to be a function of mcreased formation or 
decreased destruction and not impaired elirmnation 

Hypoaminoacidemic Crises in Young Children vnth the 
Nephrotic Syndrome By Lee E Farr and (by invita- 
tion) Douglas A MacFadven, New York, N Y 
In young children with the nephrotic syndome, the 
inadence of acute febnle episodes with pentoneal symp- 
toms was markedly increased in that group with plasma 
albumin below one gram per 100 cc contrasted with 
nephrotic children having a higher plasma alburmn con- 
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centratlon During these actrte episodes there was a very 
rapid fall in the plasma albumin concentration witb a 
rapid rise to its prc\nous level after recovery This change 
was Independent of the proteinuria Neither the apparent 
clinical severity of the Ulnees nor the effect on the plasma 
albumin level was directly related to the presence of blood 
stream or peritoneal infection A characteristic pattern 
was alwa>'8 followed in onset and recovery These facts 
pointed to a disturbance of proton metabolism Using 
the specihc determination for amino adds developed by 
Dillon and Van Slyke which was adapted for blood by 
MacFadyen and Van Slyke, we have followed the cell and 
plasma amino acids of five children with the nephrotic 
syndrome over a period of months ThU work revealed 
a hitherto unknown disturbance of plasma amino adds 
which v-ai a prolonged lowering of thdr concentration 
with occasional penodt of critical fall and rai^d recovery 
to pre-existing levels. The crises occur Independent of In 
fectKm The acute disturbances were very dosely corre- 
lated to the onset of and recovery from, severe and typical 
dlmcal manifestations These were identical ?nth those 
noted in the acute lltness usually accompanied by fatal 
pneumococcal pentonitls so often observed In these 
children Recovery from the nephrotic syndrome was 
accompanied by a gradual return of the plasma ammo 
aad levels to a normal value. We have termed the acote 
episodes bypoammoaddemic crises 

UllnfiUrate llagnwum Siudu* tn Syperlkyrotdwn By 
L J SoTTBi and (by Invitation) D A. Dantbs E. B 
Grossuak and H H Sobotka, New York, N Y 
The following report concerns Itself with the study of 
magnesium metabolism m dlmcal and expenraental hyper 
thyroldism The total and ultrafiltrable blood magnesium 
was determined In 20 normal Individuals, It was found 
that the percentage of the total magnesium bound pre- 
sumably to proteins, varied from 3 1 to 22 1 per cent In 5 
patients with neoroctrculatory asthenia the percentage of 
bound magnesium varied from 9 1 to 20 6 per cent In 30 
patients with hyperthyroidiim where the basal metabolic 
rate varied from 30 to 106 the percentage of bound mag 
nedum varied from 2U to 60 0 per cent. It is evident, 
therefore that In hyperthyroidism there occurs au Increase 
in the amount of orcnlatlng magnesiam which Is bound 
The Increase m the bound magnesium occurs at the expense 
of the Ionized form since the total blood magnesiam re- 
mains unaltered in hyperthyroidism 

There Is apparently no relatlonihip betw e en the amount 
of bound magnesium and the level of the basal metabolic 
rate. 

In 12 patients the bound magnesiam m the blood was 
determmed before and after the administration of Iodine 
Before the administration of lodme the non filtrable mag 
netium varied between 21.5 and 49 8 per cent of the total 
while after administration the percentage of bound mag 
nesium varied from 6 0 to 34il per cent. 

In 11 patients simiUr determinations were made before 
and after operation Whereas before operation the per 
centage of bound magnesium varied between 26 0 and 
49 8 per cent, after operation It vaned between 0 and 


23 0 per cent — a return to a perfectly normal value. In 10 
instances studies were conducted before and after the 
administration of Iodine and after operation. It was 
found that after the administration of Iodine, there oc 
curred some drop in the amonnt of bound magnesium which 
further dropped to normal levels after operation 
The next step was to determine bow the magnesium was 
bound From 50 to 200 mgra of thyrogiobuUn was In- 
jected Intravenously m one dose Into 5 dogs. Total and 
nltrafiltraWe blood magnesium was determined at Intervals 
of 15 minutes 1 5 and 24 hours. In each Instance the 
increase m bound magnesium vaned between 75 and 100 
per cent over the control level This increase occurred 
within 1 to 5 hours after the Injection The injection of 
equivalent doses of thyroxin and horse serum produced no 
change In the percentage of bound magnesium This 
would suggest that the thyroglobulln plays some part In 
binding the Ionized magnesium 

Studw of Cw/ortsouj Capillary Blood Pressure in Man 
By L W Eichna (by Invitation) and James Bordlet 
in Baltimore Md 

A cntical study has been made of two methods for deter 
mining human capillary blood pressure (7) the tndireci 
pressure-capsule method of Danzer and Hooker and 
(2) the dtrsd mlcrolnjectloQ method of Landis. To test 
the accuracy of these methods the capillary pressure In 
the nail fold was determined at various subdlastollc levels 
of venous pressure 

In each of 30 capillaries studied by the direct method 
when the venous pressure in the arm was raised the 
capillary pressure promptly rose to exceed the Increased 
venous pressure This was observed in 18 subjects with 
normal high and low arterial pres sure. 

In over 200 capHlane* ttndled by the Indirect method no 
significant rise in the capillary pressure readmg was ob- 
•erved when the venous pressure was raised For example, 
with venous pressures os high as 50 mm. Hg captHary 
pr ess ure was frequently recorded at low as 10 mm. Hg 
In 9 expenmenti in which a tingle capQlary wai studied 
by both methods the same discrepancy was noted the 
directly determined capillary pressure always exceeded 
venous pressure while the Indirectly determmed pressure 
•bowed DO correlation with venous pressure 
That the capillary p i ' casure actually rises to exceed 
venous pressure b Indicated by the fact that in all experi 
menu capillary blood flow continued In the presence of 
Increased venous pie t suie It is believed therefore that 
the direct method gives accurate results the Indirect 
method inaccurate results. 

Baderud Endocarditis {Acute and SuPacuie) Superimposed 
on SyphQUtc Aortic Valvulitis By Albert L, Braun 
BTEiTf and Stuart R, Townsend (Introduced by John 
T King Jr ) Baltimore hfd 

Though syphnitic aortic valvulitis and vegetative bac 
terial endocarditis arc well established separate cbnico- 
pothological entitles, the concomitant occurrence of the 
two processes on the tame VBl>*fe has been regarded os 
extremdy rare and very little has been on this 
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subject To our knowledge only 11 proved cases have 
been reported We have had occasion to study several 
such cases at postmortem examination A thorough 
search through our autopsy protocols has revealed, more- 
over, that among 4936 routine autopsies there have oc- 
curred 9 cases in which bactenal endocarditis was primarily 
engrafted on previously syphihtic aortic valves This 
represents IS 5 per cent of all our cases of bactenal endo- 
carditis (58 cases) and an incidence of 3 37 per cent in all 
our cases with syphilitic aortic valvulitis (267 cases) 

An analysis of the clinical and pathological data of our 
own cases, as well as those found in the literature, reveals 
that both acute and subacute types of endocardibs are 
superimposed on syphilitic aortic valves (6 acute and 14 
subacute) Climcally, m the subacute cases the only con- 
stant findings suggestive of bactenal endocarditis were 
progressive anemia and daily intermittent fever The 
occurrence of chills, chilly sensations, subjective sense of 
fever, petechiae, embolic phenomena, and nephntis 
was markedly reduced The predominating signs and 
symptoms were those referable to syphilitic aortic in- 
sufficiency with myocardial failure At autopsy the 
vegetations were small and were located on the ventncular 
surfaces of the valve cusps and not along the occlusal 
margins There was also a great tendency toward healing 
of the vegetations No evidence of rheumatism was 
present m any case In 4 cases Streptococcus vtndans was 
recovered either antemortem or postmortem Blood cul- 
fures were not taken in most of the instances because the 
diagnosis of bacterial endocarditis was not suspected 
clinically 

In the acute instances, evidences of septicemia were 
usually obvious and myocardial failure was also qmte 
striking At autopsy there were no distinctive findmgs 

From our findings we conclude that with obvious signs 
of bactenal endocarditis in the presence of syphihtic aortic 
insuffiaency the bactenal process most likely exists on a 
valve other than the aortic However, one may suspect 
the presence of bactenal endocarditis on a syphilitic aortic 
valve when, in the presence of aortic insufficiency, there 
exist a gradually progressive anerma and daily inter- 
mittent temperature nses which cannot be explained by 
any other findings 

Simultaneous Electrograms and Mechanograms from the 

Intact Human Subject By Carl A Johnson and 

Grant Laing (mtroduced by J A Capps), Chicago, 111 

By a special method the authors have been able to take 
simultaneous mechanograms and electrograms from the 
esophagus and stomach of normal unanesthetized intact 
human subjects The mechanograms showed the changes 
due to the contractions of the organ under observation 
The electrograms showed changes due to the action of the 
heart as well as other changes which will be discussed 
The possible importance of the electrical changes in relation 
to smooth muscle contractions as well as the possible im- 
portance of these changes to clinical medicme are dis- 
cussed Results of other experiments in which changes in 
the conventional electrocardiogram were produced by 


inflation of the stomach by means of a stomach balloon 
will be shown 

The Effects of Adrenal Cortical Extract and Potassium on 
the Electrolyte Balance in Addison’s Disease By K A 
Klinghoffer (by invitation) and P H Lavietes, New 
Haven, Conn 

The salt intake of a patient with Addison’s disease was so 
hmited that he was in shght negative balance Large 
doses of adrenal cortical extract repeatedly converted the 
negative balance to a positive one, the effect persisting for 
less than 48 hours No other result of the administration 
of the extract was consistently observed Lowering the 
potassium of the diet had no demonstrable effect, nor did 
the subsequent mcrease to normal 

The Fermentation Stimulating Effect of Vitamin Bi and 
Related Substances in the Unne of Human Subjects By 
J Allen Kennedy and Helen Frank (by invitation), 
and John B Youuans, Nashville, Tenn 
The amount of vitamin Bi and related substances 
excreted in the unne as determined by the stimulation of 
yeast fermentation is reported for a senes of normal sub 
jects and patients suspected of vitamin Bi deficiency The 
possible significance of substances causing acceleration of 
fermentation other than thianun, as degradation products 
of Bi, and a measure of vitamin Bi metabolism in vivo is 
discussed 

Subleukemic Splenic Reticulosis By C H Watkins and 
H Z Giffin, Rochester, Mmn 
In 1934 we reported two cases of subleukemic splemc 
reticulosis, emphasizing the close similanty of this condi- 
tion to splenic anemia Since that time we have seen six 
similar cases These patients have been treated con- 
servatively by roentgen therapy with control of the condi- 
tion m four of the cases A summary of the clinical 
findings, differential diagnosis, and treatment is given 

Variations in the Serum Cholesterol FolUrmng Pneumonia 
By Kenneth B Turner and (by invitation) Alfred 
Stbisbr, New York, N Y 

The relative stabihty of the serum cholesterol level for 
the individual has been established Acute infection is 
known to produce a hypocholesterolemia, but the behavior 
of the serum cholesterol m the convalescent penod is less 
well known 

In the present study the serum cholesterol of 20 patients 
with pneumonia was followed for 60 to 300 days after the 
onset of the illness During the febnle penod there was a 
hyjxicholesterolemia as had been expected This was 
laig;ely due to a marked decrease in cholesterol ester For 
a vanable time dunng convalescence, wide fluctuations 
occurred in the serum cholesterol with, m general, a hyper- 
cholesterolemia This was due to an increase in both free 
and ester cholesterol, and was not associated with a fall in 
the basal metabolic rate or demonstrable disturbance in 
Lver function Finally, the serum cholesterol became 
stabilized at a constant level assumed to be normal for 
the individual 
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The possible Implication of these findings In relation to 
the development of atherosclerosis is discussed 

A Vilamtn C Saittralion Test mth a Modification to Com 
Pensate for the Error Due to Impairmeni of Renal Exert 
tiott By JoHK Luddhn (by invitation) and Irvinq S 
Wrioht New York, N Y 

Impainnent of renal fuactwn has been demonstrated to 
retard the excretion of vitamin C in the unne This has 
resulted In erroneous low values followmg Intravenoos or 
oral vitamin C saturatloo tests Analyses of mine sped 
mens obtained at U 3 5 and 24 hours after an intra 
venous dose of 1 gram of cevitamic add revealed a definite 
correlation between (/) the percentage of the 5 hour 
output excreted during the first U hours, and (2) the 
percentage of the 24-hoar output excreted during the 
first 5 hours 

A careful study of the data showed this correlation to 
hold for patients in a wide range of saturatioa levels and 
with various degre es of renal Iniuffidency 

A formula has been devised where by using the excretion 
figures of vitamin C for U and 5 hour samples after the 
test dose it Is possible to predict the 24'hour outpot with 
an average error of 3 4 per cent A patient with known 
renal insuffiaency can be correctly evaluated as to vitamin 
C saturatKm through the use of this procedure In our 
expenence parallel blood and unne studies clarUy the inter 
pretatiOQ in certain instaoces In certain aged Individuals 
following the intravenous test dose !t has noted that 
there may be a retardatwa of vitamin C excretion In the 
absence of other laboratory evidence to suggest renal 
Insufiidency including urea clearance and other commoaly 
used kidney funetton tests. 

The Urinary Excretum of Sex Hormones tn Normal Oaldren 
By Ira T Nathanson and Lois Towke (by invita 
tion) and Joseph C Aub Boston Mass, 

Assayi of the urinary estrogens, by bio-assay and of the 
urinary androgens by the colorimetric method were deter 
rained one or more times on 87 children under 14 years of 
age There was a steady rise lu the excretion of these 
hormones until puberty This vaned directly uith the 
chronological age, but also »ith the physical maturity of 
the Individual There was no evidence of a cychc excretion 
of the androgens In either sex. There might be dally 
variations In the androgen excretion but it did not appear 
to be of suffiaent magnitude to be of physiological s!g 
mficance. 

There was no evidence of a cyclic excretion of the 
estrogens in males nor in the younger females below 10 
years of age In the preadolescent years, however there 
was evidence of a definite cycle of unnary estrogen excre- 
tion some time before menstruation occurred This has 
been substantiated by repeated obscrvatkms on the same 
individuals. 

These normal control figures may bo used as standards 
for the future study of the e xa c ti on of these hormones In 
endocrine abnormalities in chlldbood 


of Skeletal Groroth xn 7oun[ Boys mth Anlenor 
Piiiniary-like Prxnaple By W O Thompson and (by 
Invitation) N J Heocel Chicago III 
In boys showing marked genital growth during the 
administration of the anterior pituitary hke pnnaplc from 
the urine of pregnant women, acceleration of skeletal 
growth has been observed When the treatment was 
discontinued, the rate of skeletal growth decreased In 
general the rate of skeletal growth appeared to bear a 
direct relationship to the amount of genital growth 
A series of 30 treated patients varying In age from 1 to 15 
years has been compared with a senes of 24 untreated 
patients of the some age group 

Experimental Induction of Fastness to SuJfapyndtne in 
Pneumococcus Type I By CoLW M MacLeod and 
GnjBEPPH Daddi (Introduced by 0 T Avery) New 
York.N y 

By serial transfer in serum broth containing Increasing 
concentrations of sutfapyridme fastness " to the drug has 
been Induced in a strain of Pneumococcus Type I ' Sulfa 
pyridine fastness" is demonstrable in miro as well as In 
experimental Infections of rake 
The sulfapyridine-fast strain of Pneumococcus Type 1 
retains the morphological characteristics of the parent 
•train and li gram positive No alteration m virulence or 
specific immunological cbaractenstics have been demon 
•trated in association with the acquisition of sulfa 
pyridloe>fastnesa. The change in the organism appears 
to be a relatively pertoanent one 

lodinated Proletn in Human Athyrtosts II The Produc 
txon of Pkysiolo[iccl Actmty hy Stmple lodinaiSon of 
Serum Proietn By J Leruan and W T S\ltek 
B oston Mass 

In a previous report hydrolyred lodoprotein was shown 
to relieve 6 cases of human athyreosli In terms of 
Iodine, this material had the activity of dilodothyronme 
about one-thirtieth that of whole thyroid Recently 4 
other patients have responded clinically and metabollcally 
to oral administration of scrum proteia which had merely 
been lodlnated The original scrum proved of course, to 
be inert. These iodoprotein preparations contained 15 to 
20 per cent iodine. It is not known definitely in what form 
the iodine Is bound Part of it certainly exists as dliodo- 
tyrosine presumably a part exists as lodohlstidme In 
terms of Iodine, the relative potency of this material was 
only one-five hundredth that of whole thyroid 
However peptk digestion (as with natural thyroid) 
yielded a th>Toxine-ince fraction (active) and a dllodo- 
tyrosine-hke " fraction (inert) The active peptone tested 
in three myxedematous patients and in two thyroldecto- 
nuzed rabbits, contained almost the entire activity of the 
parent iodoprotein 

This evidence that thyroidal activity can arise in serum 
protein through simple kxllnatlon suggests several prob- 
lems (J) Does thyronine (thyroodne minus all 4 iodine 
atoms) exist preformed in serum protein as an essential 
amino acid awaiting lodlnatlon? (2) Does the process 
of iodinating the protein also change molecular conhgura 
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tion so as to produce physiological activity? (J) Can the 
thyroidless organism synthesize lodothyronine molecules 
from other lodmated residues? The proper mterpretation 
of this chemical process may contnbute to a better under- 
standmg of thyroid activity 

Observations on the Initlin Clearance as a Measure of the 
True Glomerular FUtraiion Rate in Normal, Hypertensive, 
and Nephritic Individuals By Benjamin F Miller 
(by invitation), Alf S Alving, and (by invitation) M 
J Carl Allinson, Chicago, 111 

Present evidence indicates that in mammals the renal 
excretion of mulin equals, or closely approximates, the 
glomerular filtration rate However, for man the evidence 
IS less conclusive 

It 13 axiomatic that the clearance of any substance 
measunng only the glomerular filtration rate must be 
mdependent of the concentration of the substance in the 
plasma Shannon and Smith have shown that in norma! 
man the mulin clearance satisfies this cntenon at plasma 
levels higher than 50 mgm per 100 cc 

The methods used in previous investigations have not 
allowed accurate determination of mulm at very low 
plasma concentrations Also, no cntical evaluation of 
mulm excretion as a measure of filtration in the diseased 
human kidney has yet been made Employing a new 
method for the estimation of mulm we have determmed 
Its clearance at a range of 1 to 7 mgm per 100 cc of plasma 
and have compared it with the clearance at 40 to 80 mgm 
per 100 cc m normal subiects, hypertensive and nephntic 
patients The mulm clearance values obtained at low 
plasma concentrations agree very closely with clearances 
at the higher levels, indicating that exceedingly httle or no 
tubular reabsorption or tubular excretion of inubn occurs 
in the kidney of such individuals 

Observations on Effort Pain in Normal Individuals, the So- 
called "Stitch in the Side” with a Consideration of the 
Mechanism By Richard B Capps, Chicago, III 
Although the so-called "stitch m the side" pain is 
extremely common, there is almost no information con- 
cerning It in the hterature Apparently, no systematic 
attempt has been made to observe its charactenstics or to 
suggest a mechamsm This study is an attempt to throw 
some light on the problem 

Data collected by questionnaire or by askmg mdmduals 
to recall their symptoms from months or years previously 
are notonously unreliable m a problem of this kind 
Consequently, this report is based pnmanly on personally 
observed attacks Nmety-six such attacks have been 
observed m 52 different mdividuals There were 43 males 
and 9 females Only 2 were not healthy Ages ranged 
from IS to 63 years 

Stitch pain was produced by both mild and strenuous 
exertion, often only postprandial The pain was usually 
located m either the right or the left upper quadrant, 
although a number of other loa were seen less often 
Occasionally, the location varied m the same mdmdual m 
different attacks The relation to respiration was very 
inconstant. Bendmg over frequently gave rehef 


Several possible mechanisms are discussed, especially the 
possibility of a diaphragmatic ongm 

The Response of Blood Vessels in Forearm and Hand to 
Various Stimuli By Eugene B Ferris, Jr , and (by 
mvitation) David I Abramson, Cincinnati, Ohio 
Although blood flow m the hand, as studied by 
plethysmography, is known to be unstable, it has under 
certain conditions been used as an index of penpheral blood 
flow We have made a comparative study of the effects of 
vanous stimuli upon limb volume and blood flow in the 
hand and forearm 

Our results indicate that (7) Some stimuli cause a 
significant reduction m hmb volume and blood flow m the 
hand, without notable changes in the penpheral circulation 

(2) Blood flow to the forearm, under similar circumstances, 
IB not affected although the volume often decreases 

(3) Stimuli which cause a significant nse in heart rate or 
arterial pressure generally induce an increase m hmb 
volume and blood flow m the forearm and a decrease in the 
hand (4) The reduction in hmb volume in the hand 
appears to be due partly to constriction of veins and partly 
to constnction of artenoles, whereas evidence of artenolar 
constnction was never seen in the forearm Such a 
dissimilarity m vasomotor reaction m the two areas is 
thought to be due to the presence of artenovenous 
anastomoses in the skm of the palm and finger tips, and to 
their absence m the skm of the forearm (5) The blood 
flow through the forearm is a more accurate 'mdex of 
penpheral blood flow than that through the hand 

Studies of Circulation and Respiration in Anxiety Neurosis 
and in Psychoneurosts vnth Anxiety Features By 
Mandel E Cohen (by mvitation) and Jacob E 
Finesinger, Boston, Mass 

Studies are in progress on circulatory function in a senes 
of 75 patients whose diagnoses are anxiety neurosis and 
psychoneurosis with anxiety features This study m- 
dudes, m addition to cimical and routine laboratory 
observations, venous pressure, blood volume, circulation 
time, basal metabolic rate, rmnute respiratory volume, and 
alveolar carbon dioxide measurements Studies of the 
arm to carotid circulation time (cyanide method) show a 
mean value of 12 6 seconds as compared with the normal 
value of IS 6 seconds This indicates that the blood flows 
more rapidly in this group of patients than in normal 
individuals Despite the rapid circulation, the oxygen 
consumption, as evidenced by the basal metabolic rate, is 
not increased (mean — 3 per cent) In a few observations 
of anxiety attacks, the ventilation was markedly increased 
(30-1- hters per minute) 

Changes in the Blood and Nervous System of Pigs Associated 
with Deficiency of Substances Contained in Yeast By 
M M WmTROBE and (by invitation) M Sauter, and 
H Lisco, Baltimore, Md 

Young pigs were weaned at 10 to 23 days of age on a diet 
consisting of casein, sucrose, lard, cod hver oil, a mmeral 
mixture, ascorbic acid, and yeast When satisfactory 
growth had been established the quantity of yeast given 
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some of the animali was gradually reduced and It was 
replaced by thiamin chloride, riboflavin and mcotinlc add 
in vaDOOS comblnatlooB. 

Anemia did not develop In the pigs given 3 or more grams 
of yeast per kgm of body weight, but It occurred In all but 
one of those given smaller amounts. It was characterlted 
by the p r ese nce of roacrocytea, polychromatophOia, Howdl 
Jolly bodies and nucleated red cells and In some Instances 
a signlflcont increase In mean corpuscular volume was 
observed In 4 of the animals m which such therapy was 
attempted admimstratlon of yeast was accompanied by 
partial or complete relief of anemia. Hyperplasia of the 
bone marrow was observed at autopsy In the anemic 
animals. 

In all of the pigs given suboptimal nmounts of yeast, 
ataria developed and changes in the nervous system 
particularly in the posterior columns of the spinal cord and 
sensory nerve* were observed The etana Is demon 
strated in motion pictures. 

The Expenmeniai Production of Anemia tn Dot> hy the 
Injection o/ Sodium lodoactlaU, By J S Wkniel and 
J L, A. Fowler (by invitation) and J A. Dauphineb 
and R- A. Cleghorn Toronto Can 
In the course of some mvestigatlons to determlue whether 
lodoacetate poisoning In dogs resembled adrenal {n8u£< 
dency it was found that a marked anemia developed 
following subcutaneous Injection of the sodium lodoacetate 
No striking sumlanties between lodoacetate poisoning and 
adrenal insuflidency were observed In dogs In contrast to 
Verzaris observations on rats The anemia which occurred 
within 10 days of the start of the biKlatly Injections seems 
to be associated with a \’ery marked increase In the 
destruction of red blood cells and Increased activity on the 
part of the bone marrow Death occurred as eariy as 10 
days after the start of the injections In 2 instances, with a 
hemoglobin below 16 per cent Evidence has also been 
obtained which Indicates that this toidc action of lodoacetate 
is Inhibited by the administration of methylene blue 
Blood and urine dectrolyte studies on these nnunali will 
be made the subject of a future commumcation 

The Esophageal Eledrocardioiram tn Coronary Tkrombons 
By Jak Nyboer (introduced by Herman 0 Moscnthal) 
New York, N Y 

HamIlton.and Nyboer (1938) showed that the absence of 
the auncular Intrinsic waves of Lewis from exploratory 
leads taken below the esophageal auricular border deter 
mines the position of the electrode In relation to the 
posterior ventricular wall In human subjects Further 
study shows the validity of this method with particular 
reference to postenor myocardial Infarct localization 
In such cases there is usually a sigmflcant Q-wave 
associated with R-ST segment or T wave changes in the 
tracings taken at the esophageal ventncular level These 
were not found in normal subjects, and resemble changes 
found m exploratory leads over the antenor wall m cases of 
anterior mvocardal Inforctioa. Among these, one case fa 
presented In which the diagnosis was establlihed by the 
esophageal lead 17 years after the dramatic cidsode. 


although healing had taken place and standard leads at 
this time remain equivocal 

Other factors mo^ying the QRS and T wave complexes 
la the esophageal ventricular reglonjire also cousidewi 

ImmtmclotuaJ Aspects of JTemolyitc Mechantsm in Parox 
ysmai Nocturnal HemotloHnurta By Thouas Hale 
Ham and John H Dingle (Introduced by Laurence B 
EUfa) Boston Mass. 

In a prellramary report (Ham T H., New England J 
Med 1937 217 915) certain features of the mechanism 
of hemolysis were described for patients with chrome 
hemolytic anemia with paroxysmal nocturnal hemo- 
globtnuria (Marchiafava Michell syndrome) The fonda 
mental abnormality resided m the red blood cells a 
theriDolabfle factor essential for hemolysis was demon 
strated In plasma (heparin) and serum from Eve patients 
and from all normal subjects of compatible blood groups 
the patient s plasma and serum did not bemolyze normal 
erythrocytes The degree of hemolysfa in rwi'o and *n ttpo 
was influenced by vanations In the add base equHtbrium 
These features suggested that au Immunological reaction 
might be responsiblo for the hemolytic mechanism. No 
andgenlc difference was observed between the abnormal 
and normal human erythrocytes when employed to 
Immunize rabbit*. No antibody or hemolytic substance 
has yet been faolated from one patient s red blood cells or 
•troma when treated by 10 per cent sucrose, 10 per cent salt 
solution dilute add and alkali and by ether and saline 
No hemolytic antibody was absorbed from the serum of one 
patient and of normal subjects by sheep cell* or by human 
erythrocytes and stroma However the »enun factor 
essential for hemolysis was found identical in behavior to 
human complement since all procedures and reagents which 
Inactivated destroyed reduced or Inhibited the •enim 
complement, or any of Its four component* as measured 
by tensitized sheep cells also reduced the hemolytic activity 
of the serum for the patient * erythrocytes. For hemolysis 
of patient B erythrocytes fresh animal scrums did not 
restore the thermolabHe components of beat inactivated 
human serum but fresh guinea pig serum did restore the 
component of human serum inactivated by ammonium 
hydroxide 

Vitamtn A Deficiency in Diabetes MdlUus A Pholomelne 
Study By J G Brazer (by Invitation) and A. C. 
Curtis, Ann Arbor Mich. 

Biophotometric studieson a senes of 20 jo venlle diabetics 
were compared with samilar studies on a sene* of 20 interns 
and staff members used as normals. A definite reduction 
in the biophotometer reading* was noted m the group of 
diabetics. 

Carotenemla was present In all the diabetics studied 
It has been shown by other* that the conversion of carotene 
to vitamin A fa altered in -diabetes melUtu*. In sub* 
stantlatlon of this fallare to convert the provitamm 
carotene to vitarmn A in diabetes melhtus 7 diabetics were 
gi\’en 60 000 unit* of carotene daily for 7 days, with 
substantial increases in their blood carotene level* but no 
improvement In thor biophotometcr readings. When 
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60,000 units of vitanun A were given as halibut liver oil, 
for a penod of 7 days, the biophotometer readings showed 
return of function to near normal levels Two patients 
receiving carotene and vitamin A supplements m similar 
amounts for 14 days reacted like the groups above 

Patients whose biophotometnc readings were improved 
by the administration of vitamin A developed rapid 
retrogression of their biophotometnc readings after the 
vitamin was discontinued 

Our findings suggest that juvenile diabetics are defiaent 
in vitamin A as measured by the biophotometer m spite of 
high blood provitamin levels This deficiency confirms 
previous work done by others that diabetica are unable to 
convert carotene to vitamin A. 

The Histamine Content of the Blood in Allergic Disease By 
Theron G Randolph (introduced by Francis M 
Rackemann), Boston, Mass 

Code’s modification of Barsoum and Gaddum's method 
of determining the histamine content of blood is being 
used with results as follows 

1 No Btnkmg differences in the blood histamine 
values between normal and allergic individuals have been 
observed 

2 No significant increase of histamine has been found m 
patients suffenng attacks of hay fever or asthma as 
compared with the same patients between attacks 

3 A few patients with very high percentages of 
eosinophils in their blood have been studied but faded to 
show any increase of histamine m the whole blood 

So far, these results are contrary to the findings of 
McDonald and of Code and so upset the theory that 
asthma depiends fundamentally upon the activity of 
histaimne However, the work is still in progress and 
further data may lead to other conclusions 

Adaptation of Climate in Relation to Serum Volume By 
F William Sunderman and (by invitation) H C 
Ba2Ett and J C Scott, Philadelphia, Pa 
Seasonal variations in the serum and blood volumes have 
been detected in the same individuals These variations 
appear to be more marked m individuals of middle age and 
onward Using an air-conditioned room it was observed 
that there was a gradual increase in serum volume when 
mdividuals were maintained dunng winter months in a hot 
room (33 3° C dunng the day and 31° dunng the night), 
and a decrease m serum volume dunng summer months in 
a cold room At the tune of increased serum volume the 
concentration of serum proteins was approximately normal, 


the total serum protein in the circulation was therefore 
greater The change in serum volume was usually 
correlated vith a corresponding change m body weight 
Infra red photographs mdicate that superficial veins are 
not constneted fully m response to mild cold for 2 or 3 days 
afterwards when adjustments m blood volume have 
occurred There are cardiovascular changes correlated 
with changes m the serum volume — thus for instance, the 
cardiac output was reduced ol anding when the subjects 
were adapted to cold while the - “duction was very slight 
when the same subjects were ad oted to heat 

The Formation of Methemoglobin i ' T lltoglobtn During 

Sulfanilamide Therapy By J i, ^is and H 0 

Michel (introduced by W C E - \\it|iam, N C 

Nine hundred and snxty blood samp ■; ^ patients 

receiving sulfanilamide were examined for iflfani]amide 

content, methemoglobin, and sulfhemoglobm In the 277 
patients who had methemoglobmemia and in the 37 
patients who had sulfhemoglobmemia at some time, as 
demonstrable by the hand spectroscope, quantitative 
spectrophotometnc determinations were made 

The percentage of bloods which showed methemoglobin 
was highest m the group that had high sulfanilamide 
content The average methemoglobin value of all bloods 
was proportional to the sulfanilamide concentration 
Methemoglobinemia did not depend upon sex, but was 
somewhat more frequent and more pronounced in the very 
young The average methemoglobin concentration tended 
to diminish with increasing duration of therapy at constant 
blood sulfanilamide levels up to 8 mgm per cent, but at 
higher sulfanilamide concentrations there was a tendency 
for the methemoglobin to increase with time After a 
single dose of sulfamlamide, the maximal methemoglobi- 
nemia occurred several hours after the blood sulfamlanude 
had reached its peak. 

Sulfhemoglobmemia was more frequent after long courses 
of sulfanilamide, but did not bear any relationship to age, 
sex, or the concentration of sulfanilamide or methemoglobin 
m the blood 

On the basis of these findings, it is postulated that an 
active substance is normally produced m the course of 
sulfamlamide metabolism which causes the production of 
methemoglobin and sulfhemoglobm We have demon 
strated the formation of such an active substance when 
surviving tissues react with sulfamlamide in vitro The 
statistics presented are found to agree with the concept 
that methemoglobinemia depends upon the balance of the 
following reactions formation of the active agent, oxidation 
of hemoglobin under the influence of the active agent, and 
reduction of methemoglobin by the body 



THE MAGNESIUM CONTENT OF THE ERYTHROCYTES IN 
PERNiaOUS AND SOME OTHER ANEMIAS 

Br OLE BANG awd S0REN L. 0RSKOV 
{From Komtn\m4hosp\\alei Dtvision IJI Copenhagen and Aarhtu Unhersitet Department 
of Phytiology Aarhus Denmark) 

(Received for pobHcatlon May 26 1939) 


The authors have previously reported (1) van- 
ationa in the permeability of the red blood cells 
in pcmiaous anemia^ In spite of the considerable 
role played by magnesium m important fields of 
biology comparatively little study has been -di- 
rected towards the magnesium content of the hu 
man red blood cells Greenberg and Schmidt (2) 
state that magnesium Is present m normal eryth- 
rocytes in quantities between 5 4 and 7J8 mgm 
per cent and that during anemia readings up to 
15 mgm per cent may be obtained 

Animal expenments earned out by Hennques 
and 0rskov (3) gave results suggesting that an 
increased magnesium content is a property of 
newly formed red cells Anemia was induced 
m rabbits and dogs either by bleeding or by 
mjcction of phenylhydranne Dunng the regen- 
erative stage m which the young red blood cells 
arc relatively more numerous a considerable rise 
in erythrocyte magnesium was observed, occasion 
ally after the bleeding and regularly in the phenyl 
hydrazine expenments 

This evidence seemed to warrant the probability 
that information regardmg human anemic states 
might be obtamed through mvestigations into the 
magnesium content of the crythrocjrtes, and the 
following study was undertaken, 

TECHKigUK 

Five to 10 cc. of blood is collected by veneponcture and 
defibrinated by ihaldng with glass beads, A hematocrit 
rcadrog is perfonned, and the red cells are separated from 
plasma by centnfugaHtatlon, The magnesium content u 
detennioed by the method o! Cmess and Callaghan as 
modified by Hcnrlquea and 0rskov (3) 

Res uxrs 

The magnesium content of the erythrocytes was 
detemimed m 18 subjects whose blood findings 
were normal, 9 males and 9 females the results 
arc given in Table I Values varying from 4,3 to 
7S mgm per cent were obtamed, with an average 


TABLS I 
Normal subjects 

fThii group includes patlenta with various diseases as 
well as students, and so the heading ’normal covers the 
blood findings only ) 


Sex 

ht* 

Hemoclo&6i 

ErytiLTDCTtM 

iltfnettmn 


yturt 

Seretitt 

wtUUoiu f*r 

C. «MI 

•f* 

ftr uni 

M 

8 

90 

54 

5J 

M 

16 

too 

5 0 

5 1 

M 

18 

105 

6 1 

5 9 

M 

23 

9S 

54 

4J 

M 

24 

106 

62 

49 

M 

26 

98 

5,2 

70 

M 

33 

102 

5,2 

72 

M 

S3 

95 

5 1 

6J 

M 

58 

101 

58 

48 

F 

21 

95 

50 

4J 

P 

23 

100 

46 

67 

F 

24 

90 

49 

4J 

F 

24 

91 

4 9 

49 

F 

29 

95 

5 1 

69 

F 

54 

101 

5 1 

79 

F 

58 

9! 

5^ 

47 

F 

63 

99 

48 

64 

F 

71 

100 

5 2 



ifintmum 4J 
iSaxsmum 7S 
Averaie 5J 


of 5,7 mgm per cent These readings correspond 
fairly well with those given by Greenberg and 
Schmidt (2) and ated above. 

Ten cases of anemia from vanous causes were 
studied , the readmgs obtamed will be seen m Ta- 
ble II Among the 5 cases of anemia resulting 
from bleeding gastnc ulcer, 2 presented values 
above normal vte Cases 1 and 2, whfle readings 
Within the normal range were found in the remain- 
ing cases. Increased magnesium content was ob- 
served m a case of anemia following acute hemor- 
rhage, Case 10, as well as m 1 case each of uremia 
and leukemia and m 2 cases of anemia resulting 
from stomach caremoma — m one of the latter 
cases the highest reading 20,2 mgm. per cent, was 
found 

The findings in 8 cases of pomictcms anemta arc 
recorded in Table III In these cases the diag- 



498 


OLE BANG AND S0EEN L p^RSKOV 


TABLE n 

Anemia from various causes 


Case 

nom 

Can»e of anemia 

Date 

Hemo 1 

Eryth 

Mas 

ber 


clobln 

rocj^ 

Siam 



1 

per 

cent 

fer 

ntjiH 

per 

cent 

93 

1 

[ Hematemesis in 

Tune 8 

59 

2 7 


peptic ulcer 

June 9 

51 


9 1 

2 

Hematemesis in 

January 14 

38 


10 0 


peptic ulcer 

February 14 

87 


58 

3 

Hematemesis in 

Apnl 23 

May 4 

41 


41 


peptic ulcer 

45 


75 



May 10 

46 


4 1 

4 

Melena in peptic 

April 21 

May 17 

38 

2 1 

6^ 


ulcer 

78 

48 

53 

5 

Melena in peptic 

May 27 

46 


65 


ulcer 

May 30 

50 


74 

6 

Uremia 

May 23 

65 


63 



June 7 

58 

30 

11 9 

7 

Leukemia* 


17 

07 

15 5 

8 

Caranoma of 


34 

2 7 

20 2 


stomach 




9 

Caranoma of | 


49 

2J 

10 2 


stomach 





10 

1 

Operation with | 
blood loss I 


30 

20 

14 6 

* 


• Leukocytes not thoroughly removed from the layer of 
red cells may constitute a cause of error 


nosis was established by the hematological exam- 
ination In all but one (Case 6) there was an 
adequate response to liver treatment In Case 6 
the postmortem examination, including bone mar- 
row microscopy, confirmed the diagnosis, while 
no other morbid state was revealed 

It will be noted that m 7 out of these 8 cases of 
permaous anemia (Cases 1 to 7) the erythrocytes 
contained magnesium m quantities above normal, 
so far as the untreated stage is concerned In 6 
of the cases mentioned (Cases 1 to 6), the mag- 
nesium values decreased following liver treatment, 
while m 1 case (Case 7) no such change was seen 
The values obtamed m Case 8 differ markedly 
from the findmgs estabhshed in the other cases 
The magnesium content of the erythrocytes is ex- 
ceedingly low, even below the normal limit, and 
no change is observed during treatment As stated 
above, fte course of the disease and the response 
to hver treatment seemed to exclude other possi- 


TABLE m 
Pernicious anemia 


Case 

nom 

btr 

Ase 

Sex 

Date* 

Herao- 

slobln 

Erythro- 

cjlei 

Mas 

neilnm 

1 

ytars 

75 

M 

October 7 

tn cent 

30 

mtUione 
PtT 
c mm 

09 

mtyn 
per cent 

14 2 




October 18 

47 

1 7 

54 

2 

53 

M 

Apnl 12 

37 

1 2 

15 3 




Apnl 15 

Apnl 24 

36 

53 


12 9 

7 8 

3 

74 

M 

February 2 
February 3- 
February 25 

45 

1 5 

13 0 




57 

25 

46 

4 

75 

F 

Apnl 7 

Apnl 8 

64 

62 

2 1 

20 

10 4 

11 2 




Apnl 24 

72 



26 

86 

5 

70 

F 

January 30 
February 3- 
February 17 

63 

26 

10 1 




68 

33 

81 

6 

68 

F 

March lOt 

16 

07 

14 3 

7 

57 

F 

Apnl 7 

Apnl 8 

59 

59 

1 9 

19 

86 

94 




Aprd 24 

71 

30 

85 

8 

80 

F 

November 19 
November 20 
January 10 

36 

14 

38 




81 

34 

35 


• indicates the beginning of treatment 

t Died soon after admission 


bilities than permaous anemia, and no apparent 
signs of comphcations were noted In the erythro- 
cytes from this case a very low content of potas- 
stwm was also found, viz , 125 to 152 mgm per 
cent A few examinations subsequently earned 
out indicated a gradual return to normal values 
After 9 months, 6 4 mgm per cent of magnesium, 
and 396 mgm per cent of potassium were ob- 
served Possibly a transitory “ demineralization,” 
not directly depending on the permaous anemia, 
IS the explanation m this instance 

Comment 

It seems as though an increased magnesium con- 
tent of the erythrocytes is occasionally but not 
regularly assoaated with anemia resulting from 
relatively acute blood loss In anemias of longer 
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standing, an increased magnesium content may be 
encountered more frequently 

In the anemias resulting from hemorrhage, as 
well as m the experimental anemms of the same 
origin the conception of a relative preponderance 
of young cells seems a justifiable mterprctation m 
those cases where an increased magnesium con- 
tent 13 found. 

In the other anemias exammed (in uremia, leu- 
kemia, and stomach caranoma), blood loss 
through bleeding is not the chief cause on the 
contrary, a toxic inhibition of the hematopoietic 
fxraction of the bone marrow is widely accepted 
as the dominating cause m such cases We may 
assume that small portions of the marrow, still 
capable of producing blood cells, must counter 
balance so far as possible the prevailmg blood 
destruction It seems, however, improbable that 
blood destruction should be going on at the nor- 
mal rate. We feel that m the arcumstances pre- 
vailing blood cells with less than the normal life- 
time may occur, and so the amount of blood cells 
which 19 at any moment available for destructioa 
may be relatively mcreased further, the toxic 
agents supposedly acting on the bone marrow may 
mfluence as well the arculating cells 

It will be seen that the consequence of sudi a 
relaitvely increased destruchon is a condition com 
parable to diseases m which mcreased hemolysis 
is the pnmary factor , m either case the bone mar- 
row (or what may re ma m of it) must mcrease the 
rate of production, and in either case the young 
cells predominate in the red cell population. The 
mechamsm outlmed would accoimt for the finding 
of erythrocytes with a high magnesium content 

What 18 said above has to some extent a beanng 
on pemiaous ancima also Though for the mo- 
ment a marrow inhibition the maturation arrest 
18 held responsible for the development of anemia 
m this condition, the signs of mcreased blood de 
struction remain to be adequately accounted for 
The hypothesis of accumulation of hemoglobin 
denved pigment (and of iron) resulting from 
nonuhlization is not based upon sound and tenable 
physiological pnnaples Further the picture pre- 
sented by the bone marrow during relapse is to 
the unprejudiced observer that of intensified ac- 
tivity , immature cells and numerous mitoses 
charactcnxmg the widely expanded red marrow 


Further still when remission occurs, the signs of 
mcreased activity decrease rapidly, and m a few 
days the marrow regains almost normal appear- 
ance the “pemiaous” character of the bone 
tnarrow is almost lost even before any nae m pe- 
ripheral blood value is conspicuous We adhere, 
therefore, to the formerly accepted view, and re 
gard pemiaous anemia as a condition resultmg 
from mcreased blood destruction. This increased 
destruction, presumably, is brought about by an 
abnormal fragility and accordingly a short Iifetune 
of the red cells (m the bone marrow as well as 
m the blood stream) The bone marrow findmgs 
during relapse are regarded as representing the 
utmost effort of the hematopoietic system in an 
endeavor to counterbalance the premature destruc- 
tion of Its shortlived products As soon as active 
* liver pnnaple ’ is available to the marrow cells 
with a normal lifetime can be produced, le, the 
organism is no longer ‘ pernicious ” This means 
that the hematopoietic activity may be reduced to 
a level corresponding to the “normal*' response 
to the prevailing blood defiat The remission oc 
curs not as a consequence of increased activity 
but as the result of a stabilization of the product 
The time mterval between the beginning of liver 
treatment and the first signs of peripheral blood 
mcrease must be looked upon as representing the 
time needed to replace defective cells by normal 
ones We have found a support for this con 
ception m the fact, previously reported that the 
pcrmeabihty of the erythrocytes is abnormally 
increased m pemiaous anemia during relapse 
while this phenomenon disappears m the course 
of a few days foUowmg Irver treatment We may 
say that the defective ' penuaous red cells van- 
ish and arc replaced by “ normal ' cells (t e cells 
with a normal permeability and a normal lifetime) 

The mcreased magnesium content of the per- 
niaous ” red cells found during relapse m the ma 
jonty of the cases of pemiaous anemia examined 
as well as the relative decrease m magnesium con- 
tent frequently following treatment is m keep- 
mg with the view proposed, so far as a high 
magnesium content is charactenstic of a young 
blood cell 

Further investigations are needed for the evalu 
ation of these mterpretations but we feel con 
fident that the mtroduction of 
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into the field of hematology will prove to be help- 
ful in solving some of the problems outlined 

Summary 

An increased magnesium content of the red 
blood cells is often, but not always, found in ane- 
mias from vanous causes, probably indicating a 
relative preponderance of young cells In per- 
maous anemia, high magnesium values are found 
dunng relapse in the majority of the cases exam- 
ined, while a decrease towards normal values takes 
place during remission These findings support 
the view that a short lifetime of the red cells, with 
a concomitantly increased rate of destruction, is a 


deasive factor m the development of the per- 
maous anemia 
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THE RATE OF ATTAINMENT OF DIFFUSION EQUILIBRIUM FOR 
THIOCYANATE BETWEEN PLASMA AND TRANSUDATES FOL- 
LOWING THE INTRAVENOUS INJECTION OF SODIUM 
THIOCYANATE IN PATIENTS WITH EDEMA 

By D ROURKE GILUGAN ahd MARK D ALTSCHULE 

(From tht MedicaJ Restarch Loborxaorxcs of the Beth Israel Hospxid and the Department of 
Medians Harvard Medtcai School Boston) 

(Recored for publtcatloQ Feb 28 1939) 


Estimationa of the volume of extracellular Bald 
in man have been made by calculating the volume 
of body fluid through which thiocyanate is dis- 
tributed after the mtravenous admmistratioa of 
sodium thioc]ranate (1 2, 3) In the method as 
proposed, a known amount of sodium thiocyanate 
in solution is admimstered intravenously and 
blood is drawn for the measurement of the con- 
centration of thiocyanate m the serum 1 or 2 
hours after the mjeebon (1 2) It has been 
demonstrated ui normal man that the distribution 
of thiocyanate is rapid and that diffusion equi- 
libnura IS attained withm 1 hour after mjechon 
(1 2, 3) 

The tune required for the attainment of equi- 
hbnum for CNS after intravenous mjection of 
NaCNS m patients with edema has not been 
established, the present report affords mforraa 
tion on this problem. Measurement of the CNS 
concentrations of serum and edema fluid has been 
made on samples drawn simultaneously at vanous 
times after intravenous mjeebon of NaCNS 

To establish the time required for attainment 
of equilibnum by analyses of transudate and 
serum it was necessary to know what the con- 
centration of CNS m a transudate should be m 
relation to the concentration m the serum, in a 
given system at equilibnum Lavietes, Bout 
dillon, and Khnghoffer (2) observed in a few 
experiments in edematous patients that the con 
centration of CNS m the scrum was from 5 to 
21 per cent higher than m the transudate at 
equilibrium when samples were drawn 12 to 64 
hours after the adnunistration of CNS These 
authors suggest that CNS may combine in some 
manner with protem Studies of the protem con- 
centrations of scrum and transudate have been 
made in each instance in the present study and 
the difference in CNS concentration between 
serum and transudate in each case has been 


analyzed in respect to the difference m protein 
concentration. 

MATERIAL AND METHODS 

Twenty three studies have been made m 13 
patients with edema caused by congestive heart 
failure, arrhosis of the hver caremoma, hepatic 
vein thrombosis, or vena caval obstruction In 
8 studies edema fluid was obtained from the ab- 
domen, in 7 from the thoraac cavity, m 8 from 
the subcutaneous spaces Subcutaneous edema 
fluid was removed by means of Southeys tubes 

From 15 to 20 cc. of 5 per cent sterile solu 
tion of NaCNS was injected mtravenously in 
approximately 3 romutes, the amount depending 
on the body weight of the patient and the esti- 
mated volume of edema fluid Samples of blood 
and edema fluid were obtamed simultaneously 
from 1 to 28 hours after the intravenous mjec- 
tion of NaCNS, m several instances 2 or more 
samples of blood and flmd were drawn at vanous 
times after an injection The concentrations of 
CNS m the sera and transudates and in urine 
were measured as desenbed by Lavietes, Bour- 
dillon, and KJinghoffer (2) 

Before the data could be apphed to the study 
of the rate of attamment of equilibrium it was 
necessary to determine the nature of the dis- 
tribution of CNS when equilibnum is reached 
The distnTmbon of CNS in relation to the dis 
tribution of protein between the sera and fluids 
was investigated from this pomt of view The 
total protem concentrations of sera and trans- 
udates were estiroated from speafic gravity mea 
surements made accordmg to Moore and Van 
Slyke (4) using 5 cc. specific gravity bottles 
The formula, 

Grams of total protein per 100 cc. 
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where G represents speafic gravity, was employed 

( 4 )^ 

The “available fluid" for CNS distribubon 
(1) was calculated by the formula, 

Liters of " available fluid ” = 

mgm of CNS in body 
mgm of CNS per liter of serum 

1 This formula was applied by Moore and Van Slykc 
(4) to plasma analyses Analysis of data obtamed ear- 
lier in this laboratory (S) demonstrates that the formula 
IS apphcable to approximate esbmations of the protem 
concentrations of edema fluids The values were avail- 
able for protem concentrations as measured by the macro- 
Kjeldahl method, and for speafic gravity as measured 
accordmg to Moore and Van Slykc, in 22 thoraac or 
abdommal fluid specimens In this series the average 
protem concentration was 2 03 grams per 100 cc., the 
limits being 06 to 44 graias per 100 cc. As calculated 
from the speafic gravity values, employmg the formula 
above, the average estimated protem concentration was 


From this value and the surface area of the 
patient the hters of “ available fluid ’’ per square 
meter of body surface were calculated The 
amount of CNS m the body was calculated from 
the amount injected minus the amount which had 
been excreted m the unne up to the time of 
withdrawal of the sample of blood The amounts 
excreted m the urme were variable, but small, 
for the penods of study of 11 hours or less, the 
greatest excretion rate was 30 mgm in 6 hours 

REStTLTS 

After the mtravenous injection of NaCNS the 
concentration of CNS increased slowly m the 
transudates of pabents of this study, as shown 
by serial samplings of transudate and blood in 4 
cases (Figure 1) 

2 00 grams per 100 cc. The standard deviation of the 
differences between the 2 methods was 0.25 



Fig 1 Rate ok Appeoach to Diffusion Equiubmum for CNS as Shown bv 
Analyses of Serial Serum and Edema Fluid Samples Drawn in 4 Patients at 
Various Times Following Intravenous Injechon of NaCNS 



THIOCYANATE EQUIUBKIUM IN EDEMA 


503 


In 5 caaes m which samples of transudate and 
blood were drawn from 8 5 to 28 hours after the 
mtiavenous mjection of NaCNS the CNS con 
centrations m the sera ranged from 1 to 20 per 
cent higher than the concentrations in the cor- 
respondmg transudates (Figure 2) In 2 of 
these experiments subcutaneous edema fimd was 
studied, m 2 chest fluid, and in 1, asatic fimd. 
The protem concentrations m the sera in these 
cases vaned from I 3 to S.5 ^rams per 100 cc. 
higher than in the correspondmg transudates 
When the concentration of CNS m the trans- 
udates expressed as the per cent of the concen 
tration in the correspondmg sera, is plotted 
agmnst the excess concentration of protem m the 
sera (grams of serum protem per 100 cc. minus 
grams of transudate protem per 100 cc ) a 
straight hne relationship is observed m these 5 
cases (Figure 2 — letters C) 

In 2 of 3 cases studied 6 hours after the m- 
jection of CNS the concentrations of CNS m 
the sera were S and 12 per cent higher than m 
the transudates The same relationship to the 


protem values existed m these cases as m those 
above descnbed (Figure 2) , it may be mferred 
then that equlUbnum was attained also in these 

2 instances In the other case studied after 6 
hours the relative concentration of CNS in the 
transudate was considerably lower than that ex- 
pected at eqmlibnum (Figure 1 Case A) Of 
the 9 studies made from 3 5 to 5 5 hours after 
injection equdlbnum had been attamed m only 

3 (Figure 2) EquUlbnum was not attained ra 
any of the 6 experiments m which 1 to 3 hours 
elapsed between mjecUon and samphng A sum- 
mary of all these findmgs is given m Figure 3 

In several of the studies made on samples 
drawn hours or less after the injection of 
NaCNS, the CNS concentrations m the trans- 
udate were so low as to indicate that equihbnum 
would not have been attained until 8 to 10 hours 
after the mjection. For example, m 2 pabents 
with asates from whose abdomens 6 and 7 hters 
of flmd were drawn the concentrabons of CNS 
m the ascrtic fluids 4 hours after administenng 
NaCNS were only 50 and 55 per cent of the 



9rQat« p«r lOO t e 

Fia 2 . RsLATiowsHir bk twp lw th* DcmajofCK ih PaiymK Cohcektiatiow in Squm and TiAwitJUAtE and 
TH x DnraiKc* iif rmt CNS CbNC*in»ATioN or SnuM akd Transudate 
The letter* refer to the time elspied between IntraTenom mjection of N«CNS tod coilectioo of stmple* A » 
4 0 to 4J boors, B * 5 J to 6i) hour*, C =* to 28 boor*. 
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3 5>S5 6-<U 24-26 

Time of Son^llng — Hours offer Injection of NaCNS 

Fic 3 Time Required for Attainment of Diffu- 
sion EQUILtBHIIIM FOR CNS IN VARIOUS EdEUATOUS 
Deposits, Following the Intravenous Injection op 
NaCNS IN Patients wits Edema 

concentrations in the sera Distnbution was 
complete in a shorter time m patients with smaller 
amounts of asates 

Approximate equahty of the concentrations of 
CNS in two blood samples drawn 2 hours and 
4 hours after the injection of NaCNS was ob- 
served in 2 instances m which the edema fluid 
sample drawn at 4 hours showed a CNS concen- 
tration lower than that to be expected at equi- 
hbnum 

The “ available flmd ” for CNS distribution m 
the experiments in which equilibnum had been 
reached varied from 29 to 59 per cent of the 
body weights of the patients, or from 11 to 24 
hters per square meter of body surface These 
values are to be contrasted with the reported 
normal values of 24 per cent of body weight, or 
9 5 hters per square meter of body surface (1) 
The smallest increases above the normal in 
"available fluid” were obtamed m patients with 
caranomatous lymphatic obstruction lumted to 
one pleural space, the greatest increases were ob- 
served in patients with congestive heart failure 
and generahzed anasarca. 

DISCUSSION 

The above data demonstrate that diffusion eqm- 
hbnum for CNS usually is not attained in ede- 


matous patients with large volumes of fluid in 
the thoraac, abdommal, or subcutaneous spaces 
until 6 to 10 hours following the mtravenous in- 
jection of CNS The shortest time observed for 
the establishment of equihbnum was 4 hours, 
in this instance fluid m the thoraac cavity of a 
patient with caranomatous obstruction was 
studied 

The time reqmred for attainment of diffusion 
equihbnum for CNS m a given body cavity de- 
pended upon the volume of edema m that space. 
It IS true, probably, that equihbnum is reached 
more quickly in a patient with a given amount 
of edema spread over the several body compart- 
ments available for extracellular flmd deposits, 
than in a patient with a similar or even somewhat 
lesser total amount of edema which is contained 
mainly in the abdoimnal or thoraac cavity Ob- 
viously equihbnum would be attained more 
rapidly than observed here in edematous patients 
with lesser amounts of flmd than those of this 
study, and more slowly in patients with greater 
edematous deposits 

Because of the above considerations it is sug- 
gested that in routine studies of the amount of 
" flmd available ” for the distribution of CNS in 
edematous patients, blood for serum CNS mea- 
surement should not be drawn until 12 to 24 
hours after the intravenous admimstration of the 
salt, this penod is probably also of sufficient 
duration when the salt is administered orally 
Under these conditions the amount of CNS ex- 
creted in the urine should be measured The ap- 
proximate equality of concentration of CNS m 
serial samples of serum drawn at 2-hour intervals 
following mjection, does not necessanly imply 
that equihbnum has been attained throughout the 
body m patients with edema The concentration 
in a transudate mcreases slowly dunng the later 
penod of equihbration (Figure 1) , the CNS thus 
entenng a given edematous deposit may be ob- 
tamed not only from the blood but also from the 
more quickly eqmhbrated extracellular spaces in 
less edematous parts of the body The decrease 
m CNS concentration of the blood imder these 
arcumstances, therefore, would be relatively small 
over a penod as short as 1 to 2 hours 

In the cases of this study in which equilibnum 
was attained, the concentrations of CNS of the 
sera ranged from 0 to 20 per cent higher than 
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those of the corresponding transudates The 
data of Figure 2 suggest that the excess CNS In 
the scrum^ as compared with that in the tram* 
udate, may be related to the higher concentration 
of protein m the serum , • that this relationship 
might exist was suggested previously by Lavietes 
BourdiUon, and Klinghoffer (2) Conceivably, 
CNS may be bound by some other component 
of the serum which is distributed between plasma 
and transudate in a manner like protein It has 
been suggested (2) that the lower concentration 
of CNS m extracellular fluid he considered in 
calculations of extracellular fluid volume. How- 
ever, since the ratio of concentration of CNS m 
extracellular fluid to that in serum in normal man 
cannot be established directly and further, since 
this ratio is variable in patients with edema, and, 
undoubtedly even in diflferent compartments m a 
given patient with edema the authors do not con 
sider such a correction valid Thiocyanate enters 
the red blood cells but does not enter other cells 
in the body (1 2, 3) It has been suggested that 
a correctioa be made in calculating extracellular 
fluid volume for the CNS contained in the red 
blood cells (2) , this correction could not be ap- 
plied m patients with edema and abnormal blood 
volumes unless the blood volumes were accurately 
measured For these reasons we have calculated 
simply the available fluid for distnbution of 
CNS as originally suggested by Crandall and 
Anderson (1) (see methods) 

It has been noted in normal man that CNS is 
distnbutcd in the body 5orae%\hat more rapidfy 
than sucrose or sulfate (2) Likewise, the com 
parativc rate of distribution of vanous substances 
in patients with edema undoubtedly vanes with 
the coeffiaent of diffusion of the substance. It 
has been pointed out that because of the relatively 
slow diffusion rate and the rapidity of excretion 
of sulfate and sucrose from the body, these sub- 
stances cannot be used to measure extracellular 
fluid volume m patients with edema (2) 

In all studies of the distribution of substances 
at equihbnum between plasma and transudates in 

*A closer correlation than appears in Flffurc 1 might 
be cridcnccd if the concentrations of protein were meas 
cred directly by the KjeWahl method, instead of calcu 
lated from raeasurements of specific granty further the 
relationship nay be affected by the proportions of excess 
albumin or globulin. 


edematous patients the relatively long time re- 
quired for the attainment of diffusion equilibnum 
must receive consideration It was observed 
earlier by one of us (5) that the concentration of 
glucose m the water of transudates of edematous 
patients was sometimes higher than than that in 
the water of the serum after a fast of 12 or some 
few more hours the greatest differences w’ere 
observed m edematous diabetic patients This 
finding was attributed to the absence of diffusion 
equihbnum for glucose, referable to the time re- 
quired for equilibration, and the relatively great 
vanations m blood sugar which occur rapidly par- 
ticularly m diabetic patients (5) 

SUMMARY AND CONCLUSIONS 

1 In the patients of this study with large ac 
cumulations of edema fluid due to vanous dis- 
eases diffusion cquihlinum for CNS between 
plasma and transudates m the subcutaneous, tho- 
raac, or abdominal cavities usually was not at 
tamed until 6 to 10 hours after the intravenous 
injection of NaCNS This finding is contrasted 
to the observation that diffusion equiUbnum for 
CNS obtains m normal subjects within one hour 
after the injection of NaCNS 

2 The time required for attainment of diffu 
Sion equihbnum for CNS between plasma and the 
edema fluid m a g iven body compartment appears 
to be directly proportional to the volume of 
transudate in that compartment 

3 At equHibnum the concentrations of CNS 
in the sera were from 0 to 20 per cent higher than 
the concentrations in the transudate. Studies of 
the relative concentrations of protem in sera and 
transudates mdicale that some CNS is ‘ bound'* 
by protem or some other relatively non-diffusiblc 
substance, 

4 It 18 suggested that in routme studies of the 
amount of available fluid ” for CNS distnbubon 
m edematous pabents, 12 to 24 hours should elapse 
between the administration of the CNS and the 
drawing of blood for measurement of the CNS 
ojneentrabon in the serum, 

5 In all studies of the distnbubon of sub- 
stances at equUibnum between plasma and transu- 
dates in edematous pabents, the relabvely long 
tune required for the attainment of diffusion 
eqmh*bnum must recave considerabon 
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PLAN OF STUDY 

Behveen May 1937 and May 1938, an attempt 
was made to obtain frequent blood specimens of 
all patients receiving sulfamlamide m the dimes 
and on the -wards of Duke Hospital The drug 
■was generally given by mouth m equal doses four 
to SIX times daily The blood specimens were 
drawn, when possible, betiveen three and five 
hours after the mgestion of the drug and were 
examined shortly thereafter 

The free whole blood sulfamlamide concentra- 
tion -was determmed by the method of Marshall 
(16) At least two standards were used because 
of the slight de-viations from Beer’s law The 
bloods were exammed qualitatively for the pres- 
ence of abnormal pigments (17) The absorption 
spectra were inspected through a hand spectro- 
scope for abnormal bands m the red region The 
alpha methemoglobin band was confirmed by the 
usual tests (addition of cyamde in all cases, occa- 
sionally supplemented by the action of alkalies 
and reduang agents) The alpha sulfhemoglobin 
band -was checked by its stability to these reagents 
I bands were recognized if more than 4 to 6 
per cent of the total pigment had been converted 
to methemoglobin or if more than 1 per cent was 
present as sulfhemoglobin If the abnormal bands 
were detected, the bloods were subjected to quan- 
titative spectrophotometnc examination (17) 
The method for methemoglobin depended either 
on the ratio of the extmctions of oxyhemoglobin 
and cyanmethemoglobin at wavelengths of 575 m/i 
and 560 mjt or on the specific change m absorption 
at a -wavelength of 634 m/i upon the conversion 
of methemoglobin to cyanmethemoglobin The 
method for sulfhemoglobin depended upon the 
ratio of the extmctions of sulfhemoglobin and 
oxj’-hemoglobin at ivavelengths of 540 and 560 rajt 
All quantitative determinations were performed 
on the Bausch and Lomb Universal Spectropho- 
tometer 

Normal bloods never showed any change m 
absorption at 634 mji upon the addition of cy- 
amde, nor did the blue product formed from sulf- 
anilamide by the action of ultraviolet hght Since 
all quantitative determinations were preceded by 
confirmatory qualitative tests, it is almost certam 
tliat the methods were speafic for the pigments m 
question 


RESULTS 

A Methemoglobin formation 

There were 960 blood examinations made on 
476 patients Methemoglobm, in quantities de- 
monstrable by the hand spectroscope, was found 
m the red cells of 277 or 58 per cent of the pa- 
tients at some time dunng the administration of 
sulfamlarmde The distnbution of these pabents 
according to age and sex is shown in Figure 1 
The per cent of patients developmg methemoglobi- 
nemia is roughly equal in the sexes, but is higher 
in the very young 

Effect of blood sulfanilamide concentration on 
methemoglobinemia 

All blood specimens were divided into five 
groups on the basis of their sulfamlamide con- 
centrabon In each group, the percentage of 
bloods which showed methemoglobin (in suffiaent 
quanbty to be detected hy the hand spectroscope) 
was calculated These are plotted against the 
sulfamlamide concentrabon of the group in the 
upper curve m Figure 2 In the 0 to 4 mgm per 
cent sulfamlamide group, 39 per cent of the speci- 
mens were posibve This percentage increased 
with increasmg sulfamlamide concentrabon unbl 
100 per cent was reached m the group of bloods 
showmg over 16 mgm per cent sulfamlamide. 

In each sulfamlamide concentrabon group, the 
average methemoglobm -value of aU bloods -withm 
that group was calculated It can be seen m Fig- 
ure 2 (lower curve) that the average methemo- 
globin -value -vanes directly as the sulfamlarmde 
concentrabon of the blood It is to be clearly un- 
derstood that, throughout this study, only those 
bloods were considered posibve for methemoglobm 
which showed the pigment in amounts detectable 
by the hand spectroscope Since quanbtabve ex- 
aminabon -was limited to these bloods, the average 
methemoglobm -values herein reported are not true 
averages Speamens, calculated as not contain- 
ing methemoglobm, may have contained up to ap- 
proximately 0 6 gram per cent Undoubtedly, the 
number of posibve bloods and the average met- 
hemoglobm levels would have been raised if spea- 
mens -with smaller amounts of methemoglobm had 
been subjected to quanbtabve determmabon 
Nevertheless, it is ob-vious that there is very di- 
rect correlabon between the average metherao- 
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sex ACE IN YEARS 

Fio, I Teje iKcmcKOs, Of McTBEMOGUonfcuiAt Acccanncc to Sex and Ace 

Total height of column ghrei the number of patients studlc4 In each group. The shaded 
portion gives the number of patients showing isetbemogloblnemia at some tune during 
therapy The numbers in the shaded areas refer to the pertentage of patients b each group 
that showed methemoglobbenua. 



Fic. Z The Ettect or Blood SmjAHiLAjaDK Concen 

TEATION OH MeTHEUOCLOBINEJOA 
upper curve The percentage of blood specimens show 
ing njethemc^lobm. Lower curve The average methe- 
moglobb concentrartoo of all blood specimens fa each 
blood sulfanilamide c oo centratiQO group 


globin level and the concentration of sulfanilamide 
in the blood At sulfanilamide concentrations m 
excess of 16 mgm per cent metheraoglobin was 
^ invariably present m easily demonstrable quanti 
3 ties The maximum methemoglobmcmia was 5 
K grams per cent a conversion of over 40 per cent 
of the total hemoglobin. This occurred at a blood 
suIfamTamide concentration of 18 mgra per cent 

Effect of age and sex upon the development of 
methemoglobin 

It has already been shown that the percentage 
of patients developing mcthcmoglobmemia is 
roughly equal in the sexes but is higher m the very 
young These conclusions have to be reexamined 
with regard to the blood sulfanilamide concentra 
tions smcc it is possible that the drug may have 
been given m farger amounts and may have 
reached higher blood levels in a particular group 
All the blood specimens m each age and sex group 
were therefore subdivided according to their sulf- 
anilamide concentration Table I shms's the per 
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dure Apparently the blood hemoglobin levels 
were rather evenly distnbuted through the age, 
sex, and sulfanilamide concentration groups 

The effect of dimlfamlamide and sulfapyndtne on 
the development of methemoglobin 

Seventeen patients received courses of disulf- 
amlamide Fourteen or 83 per cent developed 
methemoglobinemia dunng the medication Of 
the remaimng three, two had received previous 
courses of sulfamlamide without showing met- 
hemoglobin Of the fourteen showmg methemo- 
globinemia, four had previous courses of sulf- 
anilamide without showing methemoglobinemia 
The methemoglobin concentrations reached in the 
equivalent sulfanilamide and disulfamlamide level 
groups were distmctly higher m the case of di- 
sulfanilamide It is therefore suggested that the 
tendency to methemoglobin formation is greater 
with disulfamlamide than with sulfamlamide 

Prelirmnaiy studies on the action of sulfapyn- 
dine show that the tendency to cyanosis and to 
the development of methemoglobm is distinctly 
less with this substance than with sulfamlamide, 
though both do occur 

Rapidity of development of methemoglobinemia 

Several patients were given a single oral dose 
of 3 grams of sulfamlarmde or disulfamlamide 
Blood samples were taken at hourly intervals for 
5 to 7 hours In contradistmchon to the procedure 
generally followed m this study, all bloods were 
examined quantitatively for abnormal pigments 
whether or not the pigment was demonstrable by 
the hand spectroscope 


Case I 


Age 31 years Weight 55 kilos Diagnosis Testicu- 
lar adenocarcinoma Dose 3 grams sulfamlamide Total 
hemoglobin 13 1 grams per cent 


Hour* after 
taking drug 


1 

2 

3 

4 

5 

27 


Free blood 

Metiemo- 

BulfauSainide 

globln 

mtm 

pams 

ter cent 

fp cent 

1 9 

0 42 

49 

0 95 

54 

1.34 

46 

141 

44 

1 68 

10 

0 62 

a similar 

test was made \ 


3 grams of disulfamlamide 


Hour* after 

Blood dl 

Metbc/Ofv 

taking drug 

(Ulfanilaralde 

globlo 


mpn 

trams 


tp cent 

P<r cent 

1 

1 6 

0 17 

2 

2 8 

0 93 

3 

3 6 

1 91 

4 

3 8 

2 73 

5 

36 

4 84 

6 

30 

3 43 

7 

30 

3 14 


Case 2 


Age 39 years 

Diagnosis Caranoma of prostate, un- 

nary infection 

Dose 3 grams 

sulfamlamide Total 

hemoglobin 16 grams per cent 


Hour* after 

Blood 

Methemo- 

taking drug 

eulfantlainlde 

globln 


mpn 

pams 


Pp cent 

Pp cent 

1 

3 7 

0 24 

2 

49 

0 34 

3 

53 

034 

4 

42 

0 43 

5 

3 7 


6 

35 

0 46 

7 

34 

0.37 


Case 3 


Age 74 years 

Diagnosis Carcinoma of prostate, uri- 

nary infection 

Dose 3 grams disulfamlamide Total 

hemoglobin 9 4 grams per cent 


Hours after 

Blood 

Metbemo- 

taking drug 

dlauUanUamlde 

globln 


mpn 

pams 


pp cent 

pp cent 

1 

06 

0 

2 

10 

0 

3 

2 2 

0 

4 

22 

0 

5 

26 

0 

6 

26 

0 28 

7 

26 

0 37 

24 

1 8 

0 56 


In these patients, methemoglobin formation is 
rapid but does not reach its height until at least 
1 to 2 hours after the blood sulfamlamide is max- 
imal This delay is more prominent with disulf- 
anilamide than with sulfamlamide In the first 
case where the disulfamlamide and sulfamlamide 
were given under comparable conditions, met- 
hemoglobm formation was very much more pro- 
nounced with disulfamlarmde. This is in accord 
with the conclusions previously deduced The rate 
of disappearance of the methemoglobm must be 
veiy rapid since, m the first case, the methemo- 
globm percentage dropped from 1 68 grams per 
cent to 0 62 gram per cent in the course of 24 
hours even though sulfamlamide was shll present 
m the blood This agrees with our expenence that 
methemoglobm is almost mvanably absent within 
24 to 72 hours after the cessation of medication- 
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Discussion on iMtfiemoglobiTiemta 

R^sumf of lueraturt 

The convcnion of hemoglobin to methemoglobm in- 
volre* the ooodatjcm of the ferrous iron to the feme 
state (18) A number of cwddixmg substances can rap- 
idly oxidize hemoglobin ozone, iodine, chlorates ferri 
cyanides hydrogen peroxide, pennanganates, hydroqui 
none bydroxylamme, p-amraophenol and others (19) 
In the presence of oxygen, hcmoglobte is g radu ally con- 
verted to metbemoglobin. In whole tmhemolyied blood 
this conversion is very slow and must, m part be delayed 
by the presence of antl-oxidants or reducing substances. 
Glutathkmc, glucose, or unsaturated fatty adds may play 
such a r61c in the whole blood (20) In the intact or 
ganlsm, methemoglobln is very rapidly reduced to hemo- 
globin and it is probable that other reducing sjst e ua are 
of importance. 

Clinically a number of substances have been noted to 
prodiKc methemogldunemia in humans and anrmais. To 
one group belong obvious ondizmg agents such as potas 
Slum perdiloratc. The action of these substances is 
easily explicable since they are suSdently strong oxidiz 
mg agents to perform the conversion m xntro as welt as 
in invo Another group of compounds has been reported 
to cause cyanosis and methemoglobtoemla in vrvo—tg 
aniline, acetanilid, nitrobeozeoe (21) These substances 
are not m themselves oxidizing agents and thus caimot 
form methemoglobm oi vitro from hemoglobin. It has 
been therefore postulated that these substances are meta 
bolued by the body to some active oxidizing agent which 
IS sufiBaently powerful to produce the metbemogloblncniML 
Ellingcr (26) believed that i^ienylhydroxyiamme was the 
active agent since be found acetylpbcnylbydroxylamine 
in the blood of animals poisoned with acetanHid. Lip- 
schrtx (27) believed that a similar substance was the 
active agent m nitrobenzene poisoning and be was able 
to produce mtrophenylhydroxyUmlne on shaking dinitro- 
bcnzol with fre^ muscle in xntro Heubner and his co- 
workers (28) however disagreed with these ccnduiions 
and beheved that p-aramopfaenol was the acUre substance. 
The presence of this substance has been democstrated m 
the blood and urme of animals after aniline or acetanilid 
ingestion by Young (22a) Herrick and Irons (29) and 
by Lunditeln, Ucolcngracht, and Rischd (23) Heubner 
and his co-workers (28) also pomted out that nitrophcnyl 
bydroxylamme could act only m molar proporticns whh 
bcmoglobm since the final prod uc t was inactive azo- 
oxybcnioL On the other hand, p-aminophcnol forms a 
reversible redox equilibrium with gumimine so that one 
mole of p-ammophenol could produce many moles of 
methemoglobm. This was found to be true m anilmc 
by Schwedtke (30) The probable appearance 
of amlnophenols has been demonstrated in vitro through 
the action of frog nmscle on dmitrobeniol by Heubner 
and Lo-Smg (31) and throogh the action of rat liver 
on acetanilid by Michel and Bcmhcnn (32) 

It is interesting that the same confnsion has arisen in 
regard to the cause of cyanosis after anHine mgesdon 
as m the question of sulfanflamide cyanosb Young and 


his co-work ers (22) came to the conclusion that neither 
acute nor chronic poisoning with acetanflid or aniline is 
accompanied by the formation of methcmoglobin. They 
believed that phenohe oxidation products stained the rrf 
cells and were able to show accumulation of phenolic 
substances in the blood after anUlnc poisoning Lund 
stein, McalcngTBcht, and Rischel (23) came to the con 
clusKm that oxidation products of aminoi^ieiiol stained 
the red cells in their case of human acetanilid poisoning 
although they found I8.S per cent of the hcmoglobm had 
been converted to methemoglobln (by Van Slyke and 
Hiller method) (24) They found tlut serum and urine 
gave positive tests for p-ominophenol and argued that 
this substance had diffused into the red cells and had 
become oxidized to dark material. On the other hand, 
there have been very many reports of methemoglobinemia 
following ingestion of one of these compounds (21) 
Part of the discrepancies may be explained by differences 
m the animals used since Levin (25) has shown that 
cats dogs and rats develop methemoglobinemia on ad 
ministration of nitrobenzene whereas the rabbit and 
guinea pig do not. The duration of some of the annual 
experiments may have been too short to allow the 
production of methcmoglobin. 

If an active agent is formed from any of these sub- 
stances, the extent of methcmoglohiD formation will de 
pend pnroarily upoo (o) the speed of formatjon of the 
active agent, (b) the speed of interaction be tw e a i the 
active agent and hemoglobin, (c) the rate of destruction 
of the active agent, and (d) the rate of reduction of 
methemoglobin. Variations m these factors may explain 
the differences In tDetbemoglobinctma found in patients 
after the ingestion of arefanilid or ardlbc. For example, 
Schwedtke (33) showed that alcohol or ascorbic add 
intensifies the toxic action of aniline probably because 
they prevent the oxidative destruction of the active agent 

It has been demonstrated that 58 per cent of 
an unselected group of patients receivmg sulfaml 
amide have shown methemoglobmemia, the mten 
sity of which IS, on the average, proportional to 
the concentration of sulfanilamide m the blood 
It IS probable that many more patients woiild show 
methemoglobmemia if suffiaent examinations had 
been made and if our methods detected very small 
quantities of methcmoglobin Methemoglobm 
formation in the course of sulfanilamide admm 
istrabon is therefore to be considered as a defimte 
action of the drug and not as an idio^mcra^ on 
the part of certain patients Smcc sulfamlamidc 
cannot oxidize hemoglobm m vitro (unpublished 
experiments) we were led to postulate that some 
active agent was formed during the course of 
metabolism of sulfanilamide by the body whicli 
could directly or mdirectly cause the oxidation of 
hcmoglobm to methcmoglobuL Suc^ mechanism 
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has already been suggested to account for met- 
hemoglobin formation after acetanilid or arulme 
mgestion 

This hypothesis was found to agree very well 
with the observed data 

1 The extent of methemoglobmemia depends 
upon the blood sulfanilamide concentration smce 
the speed of the reaction concerned in forming the 
active agent \vill naturally depend upon the con- 
centration of substrate Smce sulfamlamide is 
approximately equally distributed m all body tis- 
sues and IS stored by none (34), the concentration 
of sulfamlamide m the active tissue will be re- 
flected by the concentration in the blood 

2 The lag penod between the maximum sulf- 
anilamide concentration and the maxima] met- 
hemoglobinemia after a smgle dose of sulfaml- 
amide may be, in part, due to the time necessary 
for the formation and accumulation of sufflaent 
quantities of the active agent 

3 We have observed that the amount of met- 
hemoglobm tends to increase as the hemoglobm 
content increases — so that the average ratio of 
methemoglobm to hemoglobin remains relatively 

'' constant in a senes of cases at a defimte sulfaml- 
rntde level The speed of the reaction between 
I ' active agent and hemoglobin might be m- 
creased by greater concentrations of hemoglobm 
and thus could cause this eflfect 

4 The absence of a cumulative effect in the 
production of methemoglobm may be explamed by 
the lability of the active agent (m the event that 
the agent fimctions as a catal 3 rtic system) and by 
the ability of the body to reduce methemoglobm 
back to hemoglobm m a relatively short time At 
very high blood sulfamlamide levels, a tendency 
for a cumulative effect should anse when the speed 
of formation of the active agent exceeds the 
body’s defenses This has been noted in certain 
cases where the dose of sulfamlamide has had to 
be reduced because of the progressively severe 
methemoglobmemia Usually, however, the de- 
fenses of the body (destruction of the active agent 
and reduction of methemoglobm) are mobilized 
more acbvely during a course of sulfamlamide 
since the average methemoglobm tends to dimm- 
ish with time even though the blood sulfanilamide 
level remains constant 

5 The vanabons m the abihty of persons to 
form methemoglobm at defimte blood sulfaml- 


amide concentrabons will naturally depend upon 
the usual biological vanabons in the several proc- 
esses concerned These processes may be influ- 
enced by inherent ability, bssue damage (m regard 
to the reducbon of methemoglobm), or by the 
state of nutnbon (Schwedtke’s expenments on 
the effect of ascorbic aad have already been ated ) 
It IS conceivable that young infants show more 
methemoglobm than the older groups because of 
their more acbve metabohsm and the resultant m- 
creased quanbbes of acbve agent formed 

B Sulfhemogloim formation 

Thirty-seven or 7 8 per cent of the 476 pabents 
in the senes developed sulfhemoglobmemia at 
some bme dunng their course of therapy 

Influence of drugs 

Of the thirty-seven pabents showing sulfhemo- 
globinemia, one had received sulfarsphenamine 
and guaiacol, two had received 0 9 gram of ferrous 
sulfate daily and two had received 15 grams of 
magnesium sulfate on the first day of sulfaml- 
amide therapy One of the latter did not develop 
the sulfhemoglobmemia unbl 3 to 6 days after the 
administrabon of the magnesium sulfate This 
makes it unhkely that the salt was an unportant 
factor m the abnormal pigment production m that 
case The ferrous sulfate can be eliminated as 
an important factor smce 16 pabents of the enbre 
group of 476 pabents received ferrous sulfate and 
only 2 developed sulfhemoglobmemia while 7 
showed methemoglobm formabon Neither ma- 
dence differs appreaably from the general average 
for the remainder of the pabents As would be 
expected, acetanilid seems to predispose to sulf- 
hemoglobin formabon smce two patients, who had 
been taking acetamlid and bromides just pnor to 
the sulfamlamide therapy, developed sulfhemo- 
globmemia. Drugs which did not predispose to 
abnormal pigment producbon are neoarsphena- 
mme, bismuth, barbiturates, and morphine denva- 
bves Speafic serum and heat therapy were given 
to several pabents without untoward effects Con- 
sbpabon vras not more prominent in the groups 
showing abnormal blood pigments 

Influence of blood sulfamlamide concentration 

Attempts to correlate the sulfhemoglobmemia 
with the blood sulfamlamide concentrabons were 



METHEMOCLOBIN ATTEE SOUAHHAMIDE 


515 


unsuccessful Of the 88 cxanunations v^htdi were 
performed on the 37 patienb derelopmg sulf- 
hemoglobmemia, 73 per cent were positive for 
Eulfhemoglobin. This percentage was not signifi- 
cantly changed when the bloods were divided into 
groups based on the blood sulfanikinide concen 
trabons A scatter diagram of the blood sulf- 
hemoglobin levels plotted against the blood sulf- 
anilamide concentrabon confirms our impression 
of the lack of correlabon between these two values 
(Figure 4) 



BLOOD 5ULFANILAMIDE CONC 
t MO *!• J 

Fia 4 The Emcr or Buxn SuurAHHAjraa Ookczk- 

TEATIOH VTOir SuUHEMOdnBIHEmA 
Spot dloffrzm of all detcrmloanoiu oo patientj who 
showed lulfbcmofilobln at lome time dorina mlfanllaimde 
therapy 

Effect of duration of therapy 

Several blood examinabons were made upon 21 
of the 37 patents who developed stilfhemoglobine- 
mia Kine of these patents showed sulfhemo- 
globm at all exammatons while 9 developed sulf- 
hemoglobinenua only dunng the latter days of 


therapy (usually after the first week) Three 
patents developed minimal amounts of sulfhemo- 
globin dunng the first week which disappeared 
while the patents were stll taking sulfamlamide. 
It thus seems that patents are somewhat more 
likely to show sulfhemoglobin after longer courses 
of the drug The question could not be mvest- 
gated more thoroughly because of the pauaty of 
data. 

After the drug is discontnued, the sulfhemo- 
globin tends to persist for a rather long tme. In 
one case, for example the sulfhemoglobm con- 
centaton dropped slowly from OT to OJZ gram 
per cent in the course of 6 days after stopping 
the sulfanilamide therapy 

Influence of sex and age 

There are no significant differences among the 
incidences of sulfheraoglobmemia among the 
sexes Eight per cent of the males and 7 5 per 
cent of the females developed sulfhemoglobm at 
some time dunng the course of therapy Like- 
wise It could not be demonstrated that age bad 
any pronounced effect 

Effect of hemoglobin concentration 

A scatter diagram failed to show any correla 
bon between the hemoglobm concentrabon and 
the degree of sulfhemoglobmemia m the blood 
speennens that were obtamed on the patients who 
showed sulfhemoglobm at some time dunng the 
course of therapy 

Relationship of sulfhemoglobm and methemoglo- 
bin formation 

A scatter diagram did not demonstrate any par- 
allelism m the development of sulfhemoglobm 
and methemoglobin Pabents with mtense sulf- 
hemoglobmemia often did not show methemoglo- 
bm. The maximum sulfhemoglobm concentrabon 
m this senes was 1.52 grams per cent (a conver- 
sion of 14 per cent of the total pigment) This 
was associated with 1.8 grams per cent methemo- 
globm on one occasion and with a negabve test 
for methemoglobm at another bme m the same 
pabent The mdependence of sulfhemoglobm and 
methemoglobm formabon is also seen m the fact 
that the direct dependence of methemoglobm on 
sulfanilamide concentrabon was present m the 
sulfhemoglobm group of pabents even though the 
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sulfhemoglobm concentrations did not show this 
dependence 

Discussion on sulfhemoglobm fonnaiwn 

Risumi of the hterature on sulfhemoglobm 

The constitution of sulfhemoglobm is not known. Ap^ 
parently its formation mvolves the mtroduction of one 
, atom of labile sulfur and some change in the linkage of 
the globm to the heme portion of the molecule. This 
change is irreversible and there is no method for con- 
verting sulfhemoglobm back to hemoglobin ather tn two 
or in vitro without disrupting the molecule (35) 

The first definite clmical case of sulfhemoglobmemia 
was reported by van den Bergh m 1905 (36) At that 
time, although it was recogmzed that sulfides m the 
mtestines might be absorbed and cause sulfhemoglobme- 
mia, the explanation for its formation was not clear smce 
it had been demonstrated that the mhalation of hydrogen 
sulfide m warm blooded animals did not lead to the 
formation of sulfhemoglobm if the animals survived (37) 
In 1907, Qarke and Hurtley (38) studied the in vitro 
formation of sulfhemoglobm from hemoglobm and hy- 
drogen sulfide. They demonstrated that certam ceduang 
substances, such as sodium hydrosulfite, phenylhydrazine, 
and hydrazme, acted as catalyzers for this reaction and 
suggested that clmical sulfhemoglobmemia might depend 
upon the presence of mmute amounts of reducmg sub- 
stances m the blood Later, Walks (39) actually found 
reducmg substances m the bloods of patients with sulf- 
hemoglobmemia In 1924, Vogel (40) reported sulfhe- 
moglobmemia m a man whose job mvolved the produc- 
tion of p-ammophenol from mtrobetizene and who had 
been usmg sulfur pills A reducmg substance was found 
m the patient's serum which was not present m normal 
serum. 

Snapper (41) stressed the importance of anilme deriva- 
tives m the production of sulfhemoglobmemia when he 
reported the presence of sulfhemoglobm m the blood of 
two patients who had taken large quantities of phenacetm. 
He demonstrated the formation of sulfhemoglobm m 
dogs when they were fed both sulfur and phenacetm at 
the same time. Neither sulfur nor phenacetm was active 
when fed separately Snapper believed that phenacetm, 
or Its derivative p-ammophenol, sensitized the red cells 
to the action of the sulfur Ivens and van Vollenhovcn 
(42) found that p-ammophenol but not phenacetm could 
accelerate the formation of sulfhemoglobm from hemo- 
globm and hydrogen sulfide in vitro They assumed that 
phenacetm was metabolized by the body to p-ammophenol 
which was the active form of the drug 

A number of other reports of sulfhemoglobmemia after 
the mgestion of acetamhd, phenacetm, or mtrobenzene 
have appeared (43) One report by Van den Bergh and 
Revers (44) is mterestmg m that it demonstrated the 
appearance of sulfhemoglobm after the mgestion of py- 
ndium, a precursor of sulfamlamide m the chemotherapy 
of bacterial mfections In all cases, sulfhemoglobm has 
been noted to persist for long periods after the oSendmg 


drug had been removed. This behavior is to be contrasted 
with that of methemoglobm and is probably due to the 
fact that hemoglobm cannot be reformed directly from 
sulfhemoglobm. 

Archer and Discombe (8) have found that sulf- 
anilamide can accelerate the formation of sulf- 
hemoglobm from hemoglobin and ammomum 
sulfide tn vitro but their work was done at un- 
physiological acidity and concentration Paton 
and Eaton (6) were imable to demonstrate tbs 
effect, and we were likewise unsuccessful (un- 
pubhshed experiments) By analogy to the situ- 
ation in phenacebn poisoning, we therefore assume 
that sulfamlamide is converted by the body into 
some derivative which can accelerate sulfhemo- 
globin formation from the action of absorbed 
sulfide compounds on hemoglobm It is possible 
that this active denvabve is the same one which 
IS responsible for methemoglobm formation 

If these assumptions are true, then the develop- 
ment of sulfhemoglobm after sulfamlamide in- 
gestion depends upon (a) the rate of formation 
and destruction of the active agent, (&) the m- 
tensity of its catalyzmg effect, (c) the presence 
of the necessary sulfide compounds, and (d) the 
rate of destruction of sulfhemoglobm A direct 
relationsbp between the sulfhemoglobm and sulf- 
amlamide concentrations in the blood would not 
occur smce the factor of the presence of sulfides 
is quite mdependent and vanable For the same 
reason one would not expect a direct correlation 
between sulfhemoglobm and methemoglobm con- 
centrations However, there would be a greater 
tendency to develop sulfhemoglobmemia dunng 
long courses of the drug since it is obvious that 
the longer the accelerator is present m the blood 
stream, the greater cdiance there would be of hav- 
ing some peculianty of intestinal function wbch 
would allow the admission of sulfides mto the 
blood stream Furthermore, smce sulfhemoglobm 
is relatively stable in the body, nunute amounts 
could be formed which wobld accumulate and be- 
come chmcally demonstrable only after a penod 
of time All these deductions are m accord with 
the data presented 

Other blood pigments 

In several blood samples it was noticed that 
there was a diffuse darkening of the entire blood 
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With particular absorption in the red region of the 
spectrum. The maximum of this absorption was 
at 670 m/i. The plasma, however, was not abnor- 
mal so that the pigment was probably not hematin 
or methemalbumm The absorption was not 
changed by reduction with hydrosulfite or by the 
addition of cyanide (reraembenng that the blue 
photo-oxidation product of sulfanilamide is de- 
stroyed by hydrosulfite) The pigment giving this 
absorption was unstable and faded in the course 
of several hours even if blood was kept at 0“ C 
A lunilar pigment has been noted by one of us 
(H O M ) m the blood of occasional patients 
treated with mcotinic aad or with bromides and 
acetamhd These bloods did not contam methemo 
globin or sulfhemoglobin. The nature of the pig- 
ment u unknown. 

The etiology of lulfamlamtde cyanons 

The question as to whether the cyanosis is en- 
tirely due to hemoglobm denvatives is not withm 
the scope of this paper Cyanosis cannot be quan 
titated and it depends on many variables besides 
the color of the blood The difficulty becomes m 
surmountable when dealing with negroes who 
make up a large part of our senes Furthermore, 
the extent of methemoglobmemia or sulfhemo 
globinemia necessary to produce cyanosis is not 
known. The consensus of opmion seems to be 
that a relatively large amount of methemoglobm 
must be present but Bensley, Rhea, and Mills (45) 
have recently reported two cases of idiopathic 
familial methemoglobmemia with cyanosis at times 
when the concentration of methemoglobm was 
qmte low In one of these cases cyanosis was 
present when the methemoglobm was only 07 
gram per cent and the total pigment was 144 
grams per cent The per cent of total pigment in 
the form of methemoglobm was therefore less 
than 5 per cent, and the blood would appear nor- 
mal on spectroscopic examination to all but the 
very tramed observer No other cause for cya- 
nosis could be demonstrated m this case. Smcc 
the alpha sulfhemoglobin band is some three times 
as strong m intensity as that of methemoglobm, it 
would ^e far smaller quantities of sulfbemo- 
globm to produce cyanosis 

With these restnctions it is our impression 
however that the cyanosis does not parallel the 


methemoglobm level in some cases It may be 
that some product of sidfanilamide metabolism 
may stain the red cells — perhaps the breakdown 
products of the active agent which we have 
postulated The important fact remains that the 
mcidence of methemoglobmemia and sulfhemo- 
globmemia pomts to the appearance of a physi 
ologically active substance and not to the metabo- 
lism of sulfanilamide directly mto inactive colored 
compounds 

SUMMAay 

There were 960 blood samples from 476 pa 
bents receivmg sulfamlamlde examined for free 
sulfanilaraide content, methemoglobm, and sulf- 
hemoglobin. In the 277 pabents who had met- 
hemoglobinemia and m the 37 pabents who bad 
sulfhemoglobinemia at some bme, as demonstrable 
by the hand spectroscope, quanbtabve spectro- 
photometne determinabons were made. 

The percentage of bloods which showed met- 
bemoglobm was highest m the group that bad high 
sulfamTaraide content The average methemoglo- 
bm value of all bloods was proporbonal to the 
sulfanilamide concentrabon Methemoglobinemia 
did not depend upon sex, but was somewhat more 
frequent and more pronounced m the very young 
The average methemoglobm concentration tended 
to dimmish with increasmg durabon of therapy 
at constant blood sulfamlamlde levels up to 8 mgra 
per cent but at higher sulfamlamlde concentrahons 
there was a tendency for the methemoglobm to 
mcrease wth bme. After a single dose of sulf- 
amlamlde, the maximal methemoglobmemia oc- 
curred several hours after the blood sulfamlamlde 
had reached its peak. 

Sulfhemoglobinemia was more frequent after 
long courses of sulfamlamlde, but did not bear 
any relabonship to age sex, or the concentrabon 
of sulfamlamlde or methemoglobm m the blood 

On the basis of these findings, it is postulated 
that an acbve substance is normally produced m 
the course of sulfamlamlde metabohsm which 
causes the production of methemoglobm* and 
sulfhemoglobin. The statistics presented are 
found to agree with the concept that methemoglo- 

• We hsTC demonstrated the formation of such an ac 
live substance when sumvfnx tissues react with sulfaiiila 
nude in vitro These experiments will be published. 
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Mcthemoglobm formation generally occurs dur- 
mg sulfanilamide therapy m humans (1, 2, Z, 4, 
S) From the climcal statistics on methemoglobi 
ncmia it has been deduced that suUandamidc is 
partially converted by the body into some active 
agent which can function as an oxidant (5) It 
18 the purpose of this paper to determine whether 
the oxidation of hemoglobm is performed by sulf 
anilamide itself or whether the active agent is pro- 
duced through the interaction of tiasuea and sulf- 
anilamide 

METHODS 

Normal animals were killed by a blow on the 
head followed by decapitation The tissues were 
removed and slices of 0^ to 04 mm thickness 
were immediately prepared These were sus 
pended in 5 ml Ringer phosphate solution of pH 
7 4 (6) containing 0 1 gram per cent glucose 
varying concentrations of sulfamlamide, and the 
salmc washed erythrocytes from approximately 
OJ ml of normal human blood The mixtures 
were placed m SO ml Erlenmeyer flasks and were 
shaken constantly m a water bath at 27 5® C for 
approximately 2 hours The tissue slices were 
removed dried and weighed The dry weight was 
generally between 30 and SO ragrru The red cells 
were centnfuged, washed wth physiological saline, 
hcraolyzed with saponin, and diluted to 10 ml with 
1/20 M pH 7 4 phosphate buflfer Methemoglobm 
and total hemoglobin were determined spectro- 
photoraetncally by the diange m cxtmction at 634 
mft upon conversion to cyanmethcmoglobn (7) 
The presence of methemoglobm was confirmed by 
the disappearance of the alpha band upon the 
addition of cyanide hydrosulfitc, and araraomum 
hydroxide Furthermore, the percentage of met 
hemoglobin m the mixture as determmed from the 
rabo of the exbnctions at S75 m/i to 560 m/4 (8) 
checked with the quanbty as previously deter- 
mmed Only mcthemoglobin could give these re- 
sults The bands of pigments other than met- 


hcmoglobm and oxyhemoglobin were not detected 
with the hand spectroscope. 


EXPERIMENTAL DATA 

The meubabon of erythrocytes with Ringer- 
phosphate solution containing from 0 to 250 mgm, 
per cent of sulfanilamide never caused the con 
version of more than 1 per cent of the total 
hemoglobm to methemoglobm The meubation of 
erythrocytes with basue shccs of the liver, kidnty 
muscle, spleen of the mouse rabbit, rat, cat, and 
guinea pig was likewise without appreaable effect 
on the hemoglobm However, when liver slices 
were meubated with sulfamlamide and red cells, 
the fonnation of methemoglobm invanably oc- 
curred A sample protocol is shoNvn in Table I 
Simflar results were obtained with the livers of 
the cat gumea pig and rabbit Other animals 
were not tned These results are shown m Figure 


TABLE 1 

The fannoHon oj mtikemethbin upon ^ncubaiion of Itver 
tikes vilh suJfoiniamide and rtd ceiU* 
Preparation Liver slice Hemoglobin added Human 
red cells (66 mgm of oavhemogbbin in mouse experiment 
87 mgrm of oxyhemoglobin in rat experiment) Duratfon 
of incubation 2 bourt. 
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* Supemstant fluid after removal of tissue and red cells 
was colorless. 
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natant fluid was incubated for 45 minutes with 
red cells and the formation of methemoglobin re- 
sulted The supernatant fluid from this reaction 
was again incubated with fresh red cells and 
methemoglobin was again formed The results 
are seen in Table III-B 
These effects might occur because all of the 
oxidizing agent had not been utilized m an ir- 
reversible reaction by the first addition of red 
cells However, a consideration of the rate of 
reaction shows that methemoglobin formation 
tends to reach a maximum at the end of 45 to 
60 minutes even when high concentrations of 
sulfamlamide are used This is shown in Figure 
3 where the supernatant fluid from the mixture 
in Finger-phosphate containmg 100 mgm per 
cent of sulfanilamide was mcubated with red 
cells for varying lengths of time Nevertheless, 
if fresh red cells are incubated with the super- 
natant fluid (see Table HI), an additional met- 
hemoglobm formation to an extent of 2/3 of the 
onginal intensity occurs Furthermore, the su- 
pernatant flmd from the incubation of liver shces 
m a solution contaming 100 mgm per cent of 
' sulfamlamide caused the formabon of 21 mgm 
of methemoglobin in 60 minutes in the presence 
of red cells having a total of 65 mgm of oxy- 
hemoglobin The same supernatant fluid, how- 


ever, caused the produchon of 34 mgm of met- 
hemoglobin in the same period of time -when 
incubated with double the quanbty of red cells 
The rabo of oxidized hemoglobin to total hemo- 
globin thus remains relabvely the same These 
results seem best to be explained by the action of 
a redox system on the hemoglobin-methemoglobin 
system 

The most intense methemoglobin formabon per 
mgm of sulfamlamide occurred when liver slices 
were incubated with red cells in 5 ml of a solu- 
bon containmg 10 mgm per cent of sulfanila- 
mide, 14 mgm of methemoglobin being formed 
This quanbty of sulfanilamide, if converted into 
a monovalent oxidizing agent, would be equiva- 
lent to 48 5 mgm of hemoglobin Therefore 29 
per cent of the theorebcal yield was obtained 
It IS probable, however, that most of the sul- 
fanilamide IS not converted into an acbve agent 
It has been found that the destrucbon of sulfa- 
nilamide by the surviving hver as tested by the 
method of Marshall (10) is neghgible (9) Un- 
less the amino group is held intact dunng the 
formation of the acbve agent, the substance must 
be autoxidizable and must act as a catalybc re- 
versible redox system Furthermore, when the 
supernatant fluid from the incubabon of rat hver 
shces in sulfamlamide solubons is mixed with 



Fig 3 Bate of Formation of Methemoglobin in Red Blood Cells 
Incubated with the Supernatant Fluid of the Reaction 
of Rat Lwer Suces on Sulfanhamide 
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red cells under anaerobic conditions, very little 
methonoglobin 13 formed as compared to the 
result of the same experiment under aerobic con 
ditions* This suggests but does not prove that 
the continual rcoxidation of the agent by air 
ordinarily occurs These problems are bemg 
in\cstigated more thoroughly 

It 13 possible that the active agent may owe 
Its effect to an anticatalase action Accumula- 
tion of hydrogen peroxide dunng the metabolism 
of the red cells might result and might cause the 
oxidation of hemoglobin to mcthemoglobm To 
eliminate this possibility, the following experiment 
v.'as performed Liver slices were incubated m 
Rmgcr phosphate solution containmg 100 mgm 
per cent of sulfanilamide. The supernatant fluid 
after centnfugaluation was incubated for 30 
minutes with human red cells The mixture was 
then hemolyzed with saponin The same pro- 
cedure was followed in another vessel save that 
the supernatant fluid of liver slices incubated In 
Ringer phosphate solution without sulfanilamide 
was used To each mixture of hemolyzed cells 
and supernatant fluid was added a small amount 
of hydrogen peroxide and the oxygen evolution 
was measured manoraetncally in the Warburg 
apparatus The rate and extent of the catalase 
action were found to be identical in both mixtures 
The extent of mcthemoglobm formation in the 
preparation containing sulfanilamide was then 
compared with another sunflar preparation whidi 
had not been mixed with hydrogen peroxide No 
change in the amount could be detected although 
both had much more methemoglobm than did the 
control without sulfanilamide. The entire ex- 
penment was then repeated with the exception 
that the red cells were not hemolyzed before the 
addition of the peroxide and the same result* 
were obtained If the active agent acted through 
anbcatalase action, the oi^^gen evolubon after 
the addition of hydrogen peroxide should have 
been slower m the solutions containing sulfanila 
midc and an mcreased formation of methemo- 
globm should have resulted in those solutions 
when peroxide was added 

Usmg the technique of testing the supernatant 
fluids (from the meubabon of tissue and sul- 
fanilamide) with red cells it has been found that 
preapitabon of the protem with tnchloraccbc 


aad does not remove the acb\'e substance. The 
agent is dialyzable through ordinary viscose mem 
branes 13 rclabvely stable at 0®, and is destroyed 
by boihng The substance can exert its action on 
red cells when they are suspended in serum 

DISCUSSION 

The fortnabon of an oxidizing agent from 
sulfanilamide by bssues adequately explains the 
methemoglobinemia which has been found m pa 
ticnts treated with this drug Qinical methemo- 
globcmia has been noted to depend upon the 
concentrabon of sulfanilamide in the blood, and 
to reach a peak several hours after the sulfamla 
nude concentrabon of the blood had reached its 
peak (5) The methemoglobinemia of patients 
was also found to depend slightly upon the con 
centrabon of arcuJabng hemoglobin All these 
results have been repeated with the use of sur- 
viving tissues ni xntro 

It 18 to be noted that all the supernatant fluids 
from the meubabon of bssue with sulfanilamide 
were colorless Nevertheless these preparabons 
were more acbve m forming methemoglobm than 
some of the blue solubon prepared by the acbon 
of ultraviolet light on sulfanilamide solubons by 
the method of Ottenberg and Fox (11) It is 
therefore very improbable that the acbve agent 
formed by bssues is idenbcal with the blue photo- 
owdabon product. If this were true, the color 
should have been easily detected m the super- 
natant solubons In addibon a marked destnic- 
bon of sulfanilamide (at least of the ammo 
group) occurs during the action of ultraviolet 
light whereas pracbcally no destruebon can be 
detected hy the same method when sulfanilamide 
IS incubated with bssue. 

Mam, Shinn and Mellon (12) have suggested 
that a substance having an anbcatalase acbon is 
formed by bactena from sulfanilamide and that 
the resultant accumulabon of hj'drogen peroxide 
may explain the therapeube acbon of the drug 
The formabon of methemoglobm by tissues and 
sulfanflamide does not depend upon a similar 
acbon and the agent reported herein is not iden 
bcal With the antlcatalactic substance because (a) 
the red cells after meubabon with the agent re- 
tain their catalase activity (fr) the oi^gen uptake 
of red cells in the absence of an autoxidirable 
earner is so small that, even ♦ 
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were transformed to hydrogen peroxide, not more 
than 1 mgm of methemoglobin would have been 
formed under the conditions of our experiments, 
(c) the acbvity of the agent persisted after pre- 
hminary interaction of red cells, which should 
have absorbed any anbcatalase present 

Rimington (13) has suggested that the agent 
causing methemoglobinemia may also account for 
the excess porphynn excretion seen dunng sul- 
fanilamide therapy The proof of this possibihty 
and the relation of the agent to other toxic mam- 
festations must await the isolation of larger 
quantities of the active agent 

The oxidizing agent may account for some of 
the therapeutic properties of the drug Levaditi 
and Vaisman (14) have shown that sulfanilamide 
which has been absorbed vta the gastro-intesbnal 
tract seems to be more potent than locally applied 
sulfanilamide, and they believed that the gastro- 
intestinal tract or viscera caused some change in 
the drug It is planned to study the bactenadal 
activity of the agent * 

SUMMARY 

It has been demonstrated that sulfanilamide 
uinot function as an oxidizing agent on hemo- 
nbm Upon the interaction of certain tissues 
ith sulfamlarmde, an oxidizing agent is formed 
hich can cause the production of methemoglobm 
his process has been discussed in relation to the 
imcal findings m patients on sulfanilamide 
lerapy 
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CLINICAL STUDIES OF THE BLOOD VOLUME. VII CHANGES IN 
BLOOD VOLUME IN BRIGHT*S DISEASE WITH OR WITHOUT 
EDEMA, RENAL INSUFFiaENCY, OR CONGESTIVE 
HEART FAILURE, AND IN HYPERTENSION^ 

By ALFRED W HARRIS ahi> JOHN G GIBSON 2D 

(_From tht Mtdtcal Clttue of iht Peter Bent Brigham Hospital and the Department of 
idedtchie Harvard Medical School Boston) 

(RecoYcd for publication April 17, 1939) 


Richard Bnght (1) m 1836 remarked upon the 
wateiy condition of the blood in the edematous 
phase of disease of the kidneys and attributed it 
to a loss of albummous substances mto the urme 
with a resultant thinning of the blood. Since that 
time numerous investigators, aware of the role of 
the kidneys in the excretion of water and electro- 
lytes and of the relation of the blood protein con- 
centration to edema, have studied the water bal 
ance in Bright's disease, many with pa rticular 
referenc e to the total amount of orculating blood 
and the change s in the plasma and total blood 
voluiue~ wnicn occur during the e dematous stage 
of renal disease and during diur^is 
The evaluation of the few reports m the htera 
ture on the state of the blood volume m Bright s 
disease is difficult because of the vanety of meth- 
ods of dcterraming the plasma volume employed, 
the wide divcigencc in normal values obtained 
by these methods and the lack of a consistent 
chmcal classification of the cases of nephntis 
studied, 

C Several authors give no further dcscnption 
than that their cases had “ renal edema. Thus 


Plesch (2) using a CO method and Schmidt (3) 
using a Congo Red dye method of determining 
the Wood I’oluine Sound total Wood volume above 
normal while Waterfield (4) using a CO method 
found it decreased, and Linder ei al (5) reported 
plasma volume as determined by a dye method to 
be normal in cases with ‘ renal edema, ) 

( Harhvich and May (6) and Litmer (7) both 
of whom used dye methods found a normal 
plasma but high blood volume, whereas Rusznyak 
(8) with a dye method found total blood volume 


J^This ittidy was aided by a grant from the Proctor 
Fund for the Study of Chronic Diseases, Hanrard MedI 
cal School 


to be subnormal due to a lowered red cell volume. 
In chrome glomerular nephntis Brown and Rown 
tree (9) using the onginal dye method, reported 
plasma volume to be normal and total blood vol 
ume decreased in 12 cases, but Hartwich and May 
(6) reported 6 cases with increased and 4 with 
decreased total blood volumes ) 

Darrow (10) reported 2 cases of “ nephrosis ’ 
studied by a dye method with subnormal total 
blood volumes while Brown and Rowntrec (9) 
found total blood volume normal, if no anemia 
was present, and above normal m their anemic 
cases Waterfield (4) stated that in the edema- 
tous stage of renal disease total blood volume 
was least when the amount of edema was great- 
est and rose dunng diuresis due to an mcrease 
m plasma volume, this latter finding bang in 
agreement with that of Darrow (10) Brovra 
and Rowntree (9) concluded that the mechan- 
ism of diuresis ^vas different m chronic nephntis 
than m *' nephrosis, ' since m the former condi- 
tion total blood volume decreased but no constant 
change m ather plasma or red cell volume was 
observed in the latter dunng diuresis 
\ Rusznyak (8) reported very low total blood 
volume in 24 cases of " extra renal ' hyperten 
sion He also made the interesting observation 
that only in a group of cases with ‘ contracted 
kidneys * was the total blood volume ever greater 
than normal 

j It IS apparent that the available information 
concerning the state of the blood volume in hy- 
pertension and nephntis is of a contradictory 
nature, and we, therefore considered it worth 
while to re investigate the subject using a method 
(11) of determining the blood volume which we 
have foimd to minimize the effects of errors m- 
herent m many of the techniques employed by 
the above authors 
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MATERIALS STUDIED 

Cases studied were selected from the Medical 
Service and Out-Door Department of the Peter 
Bent Bngham Hospital For analytical purposes 
Chnstian’s (12) clinical classification of nephnbs 
was used, patients having been divided mto 5 
groups as follows 

I Seven males and 6 females with 
chrome glomerular nephnhs unihotit renal edema 
Charactenstic of this g^oup was persistent al- 
buminuna and cyhndnina and varying degrees 
of anemia, hypertension,Mfnpaired renal excretion 
of phenolsulphonephthalein and blood nonprote in 
mtrogen rete ntron 

Group II Two males and 2 females with acute 
hemorrhagic nephritis All of these cases had al- 
buminuna, hematuria, and anemia 
\proup III Nine males and 1 female with sub- 
acute glomerular nephritis zinth renal edema 
{nephrosis syndrome) All of these cases had 
profuse albuminuna, doubly refracble hpoid bod- 
ies in their unne, high blood cholesterol, low basal 
metabolic rates, and varying jifigi::ggS^j_glevatioti 
m gystnbp and diastnbr hlnnd pressure, and of 
hypoproteinemia with distortion of the normal 
albumm-globulin ratio In 6 of these cases the 
course of the blood volume was followed by re- 
peated determinations dunng the course of diure- 
sis 

Group IV A mixed group, who presented in 
additio n to rena l disease \vit h or without r enal 
f al lure the commnn finding nf -rnnaestive heart 
f ailure, consisting of 1 female with bilateral poly- 
cystic kidneys (Case 368), 1 male and 2 females 
with chronic glomerular nephritis (Cases 359, 
380, and 403), and 1 male and 1 female with 
chronic vascular nephntis (Cases 393 and 374) 

Group V Five males and 11 femal es with es- 
sential hyperte nsion _ In all cases svst olir~bloo d 
pressure was 160 mm of mercury or above, and 
in none was th ere evidence of re naLmsufficiency 
n r congestive heart fail ure 

METHODS 

Plasma, arculating red ceU^ and total blood 
volume were determined b^yme dye method of 
Gibson and Evans (11), venous pressure by the 
direct method of Evans (13), arculation time by 
the intravenous decholin method of Wintermtz, 


Deutsch, and BruU (14), hemoglobin by the 
Osgood-Haskms modification of the method of 
Sahli (15), blood urea nitrogen by the urease 
method of Van Slyke and Cullen (16), protein 
and nonprotein nitrogen concentration by modi- 
fications of the methods of Fohn (17) and Koch 
and McMeekm (18) 

RESULTS 

Height was taken as the basis for prediction 
of normal volume, since surface area as a basis 
would have given a distorted normal value in 
those patients who had extensiVe edema and in 
those who were cachectic in the non-edematous 
stages of their chrome disease 

Plasma, circulating red cell and total blood 
volume, blood chemistry, hematology, and hemo- 
dynamics in Groups I, II, III, and IV are shown 
in Table I and the corresponding findings in 
Group V in Table II 

The distribution of cases in Groups I, III, and 
V in terms of percentage deviation from pre- 
dicted normal plasma, arculating red cell and 
total blood volume is shown in Figure 1 The 
normal range of plasma, arculating red cell, or 
total blood volume may be considered to be plus 
or minus 15 per cent (19) The statistical 
method of determining the standards of normality 
employed in this study is such that the average 
values m terms of percentage deviation from 
normal for any group of mdividuals with essen- 
tially normal plasma and total blood volumes will 
closely approximate zero Therefore, in ab- 
normal groups, the averages of deviations from 
normal represent significant departures in plasma, 
circulating red cell, and total blood volume from 
the normal state characteristic of the common 
diseased state of the members of the group, even 
though the average values themselves may ^11 
withm the accepted range of normality ''•if is, 
therefore, evident from the average values that 
the hypertensives constitute a group vnth plasma, 
arculating red cell, and total blood volumes well 
within the range of normality ^^n Groups I and 
III total blood volume is definitely subnormal, 
more so in the latter than m the former groups, 
due to a great reduction in arculating red cell 
volume, which in both groups is considerable 
enough to more than offset a higher than normal 
plasma volume 
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TABLE I 

Bleed voJttms hemodynamics and blood ehamstry In nephrtiu wtiJt and tnlhoni renal edema and coniesitve heart faSure 
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TABLE n 


Blood volume and hemodynamics in 16 cases of essential hypertension without renal involvement 


Case 

nura 

ber 

Date 

Sex 

Age 

Height 

Weight 

Blood 

pressure 

Ve- 

nons 

pres 

Clrcu 

latlon 

time 

Plas- 

ma 

vol 

Percent 
age devi 
ation 

Red 

ceU 

vol 

Percent 
age devi 
ation 

Total 

blo^ 

vol 

Percent 
age devi 
ation 

Hema 

toctit 












ume 

normal 

urae 

normal 
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cm 

kgm 

mm Bt 

mm 

SU‘ 
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cc* 
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cc. 


per uni 
of utls 

37 
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F 

67 

158 8 

59 2 
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65 
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-10 3 


- 63 

39 4 

48 
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80 
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Fig 1 Blood Volume in Bbight’s Disease 
Case distribution m terms of percentage deviation from 
normaL Arrows indicate group averages The hyper- 
tensives constitute a group with plasma, circulating red 


The 4 cases with acute hemorrhagic nephntis 
(Group II) have subnormal circulating red cell 
and total blood volumes, the degree of reduction 
being comparable to that of Groups I and III 
The relationship of the degree of abnormahty 
m plasma, arculatmg red cell, and total blood 
volume to the red blood cell count in Groups I 
to IV inclusive is shown m Figure 2 The values 
for Groups I, II, and III were averaged together 
A defimte tendency is evident for the plasma 
volume to increase and attain higher than normal 
levels and for the arculatmg red cell volume to 
decrease further below normal as the red blood 
cell count declines The interrelation of these 
changes is such that total blood volume remains 
below normal in about the same degree regardless 
of the erythrocyte level 

Changes in the plasma, circulating red cell, and 
total blood volume taking place m 6 cases of sub- 
acute glomerular nephritis with edema during 
periods of diuresis are shown in relati^ to 
changes in body weight m Figure 3 con- 
sistent relationship behveen changes in the amount 

cell, and total blood volume withm normal limits In 
subacute and chronic nephritis the great reduction m cir- 
culatmg red cell volume more than offsets the elevation in 
plasma volume so that total blood volume is below normal, 
and these deviations from normal are more extreme m 
the edematous than m the non-edematous phases of the 
disease. 
























BLOOD VOLUME IN NEPHRITIS 


531 



REQ BLOOD CCLL COUNT IN niaiON5 
Fig. Z Blood Voluke ik RoATioif to EjiYTHtocrrt txTTL 


Tbc tohd Imes repmcnt the average raloc* for nephntia without coogestrvc heart failure, 
Aj anemta develops ic cephntu there u a progressive rite m plasma volume above aod a fall hi 
circulating red cdl Tohnoe to below normal, with Uttle change in total blood volume. The 
values for the cases with congestive heart failure are definitely higher than the average values 
for Dcphritics withotrt congestive heart failnre. The brdcen Ime indicates the change m vol 
ume accompanying compensation m a case with congestive heart failure. 


of edema present as evidenced by body weight 
and the course of either plasma or circulating red 
cell volume, was observed Thus, during the 
period of diuresis plasma volume increased in 
Case 8 fluctuated with a general tendency to in 
crease, m Cases 290 336, and 367 and decreased 
sbghtly in Case 297 In Case 324 dunng a 
penod in which edema anjHxxiy weight increased 
plasma volume fell '^Crt^ating red cell volume 
imderwent only minor changes in Cases 290, 336, 
and 367 m which plasma volume rose and m 
Case 297 m which plasma volume fell shghtly 
but decreased considerably m Cases 8 and 324 
this diange bemg accompamed by an increase in 
plasma volume m the former and a decrease m 
the latter case. 

Figure 4 shows the orculation time m Groups 
I, II, ni, and IV in relation to the red cell count 


While the majonty of determinations were within 
normal limits the average trend did not indicate 
an acceleration of blood flow as anemia prog- 
ressed, but rather the opposite condition. Values 
for cases in Group IV (with congestive heart 
failure) were definitely above the average for the 
other groups 

The degree of abnormality in plasma orculat 
mg red cell and total blood volume found in the 
6 cases m whom renal disease was accompanied 
by congestive heart failure (Group IV) are 
shown m Figure 2 in relation to similar findings 
m the groups without cardiac msuffiaency The 
sigmficancc of these results will be considered in 
the discussion. 

DISCUSSION 

A certain degree of individual variation from 

the averages exhibited by the various groups as 

{' 
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Fig 3 Bijood Volume Changes During Diuresis 
Each symbol represents a case of subacute glomerular 
nephntw with edema (nephrosis syndrome) and cor- 
responds to case numbers listed m Table 1 as follows 
Case 8 = 0, Case 290 = A , Case 297 = m. Case 324 = 
A, Case 336 = •, and Case 367 = □ The direction and 
degree of the changes m relation to changes m serum al- 
buirun, blood urea nitrogen, and erythrocyte level are 
discussed m the text 

a whole was encountered in this study It must 
be remembered that the basis for prediction of 
mdmdual normal blood volume, namely height, 
IS of necessity an arbitrary one, and it may well 
be that the predicted normal volume was too high 
in some cases due to the cachexia of a wasting 
disease and too low m other cases who were in 
a fair state of nutrition when first studied 
However, the average values of the groups as a 
whole represent deviations from the normal state 
which are truly charactenstic of the disease under 
discussion 


Our findings are not in entire agreement with 
the views expressed by other investigators The 
nature and magnitude of errors inherent in the 
early dye techniques, particularly those apt to be 
encountered in patients with disturbed arcula- 
tions, have been commented on before (11) and 
may explain to some extent the general inconsis- 
tenaes encountered in the literature "^t^would 
seem that the findings of a normal plasma volume 
(5, 9) and increased total blood volume (6) in 
chrome glomerular nephntis without renal edema 
are in error \^We also differ from Brown and 
Rowntree (9), who stated that in “nephrosis” 
(in our terminology subacute glomerular nephntis 
with renal edema) total blood volume was normal 
when the disease was uncomplicated by anemia, 
and higher than normal when anemia was present 
The majonty of our cases had subnormal total 
blood volumes, and as the anemia progressed, 
further diminution occurred v^e cannot agree 
with Brown and Rowntree (9) in their statement 
that in “ nephrosis ” loss of edema is accompanied 



Fia 4 Circulation Time in Bright's Disease 
As anemia progresses arculation time does not be- 
come faster as it docs m primary and secondary anemia, 
and tends to be slower m the edematous than non-edema- 
tous cases The average trend m both types of nephntis 
IS mdicated by the solid Ime. In congestive heart faflure 
circulabon time is slower than m nephntis without cardiac 
insuffiaency regardless of the degree of anemia present. 
The broken Ime mdicates the change m circulation time m 
Case 368 dunng recovery from congestive heart failure. 
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by no significant changes in either plasma or red 
cell volume as m our cases large changes m these 
blood volume components were observed durmg 
periods of diuresis 

ijtf'our opinion it may be stated defimtely that 
in subacute or chronic glomerular nephntis with 
or without renal edema or renal insuffiaeney but 
without congestive heart failure the plasma vol 
n me is above and the drcnlatmg red cell a nd 
t otal blood volume are below a normal value fo r 
that individual m a state of good health The 
diminution in cirailatmg rea cen and total blood 
volume tends to be more severe in subacute 
glomerular nephntis with renal edema (nephrosis 
syndrome) than in glomerular nephntis without 
edema 

There is a tend ency towards a bnear rel abon 
ship between the degree of elevation above normal 
m the plasma volume and of decrease be low 
nor mal in circulating red cell volume and the red 
cell count m nep hntis While this relahonship 
IS not numencally identical with that found m 
pnmaty (20) and secondary anemia (21), it is 
sunilar m many respects A distmct difference 
m respect to total blood volume exists, however, 
in that in primary anemia as the red cell count 
nses to S milhon under liver therapy the total 
blood volume racreases to normal, whereas m 
Bnghts disease, total blood volume remains be- 
low normal regardless of the erythrocyte level 
The reason for this difference is not clear from 
the data obtamed in this study and ments fur 
ther mveshgation. With this exception in re- 
spect to the state of the blood volume the aneiraa 
of Bnghts disease presents a striking similanty 
to primary and secondary anemia 

Of particular mterest is the relationship of the 
course of the plasma volume to alterations in 
other factors known to affect body water regu 
lation That these factors may alter the plasma 
vo'ume m opposite direction and varymg degree 
IS strongly suggested by the data presented m 
Figure 3 in which it is apparent that in an m 
dmdoal case the loss of a given amount of edema 
fluid IS not accompamed by a constant change in 
plasma volume. 

Our data permit us to examme the influence 
of 3 factors upon the plasma volume namely the 
serum albumin concentration the '^lood urea 
nitrogen concentration, and the degree of anemia 


present as expressed by the red cell count In 
Figure S the percentage abnonnahty m plasma 
volume IS shown in rdation to the serum albumin 
concentration. ^-TEe average values mdicate a 
tendency for plasma volume to mcrease as serum 
albumin mcreases An identical relationship was 
found to exist between the plasma volume and 
the total serum protem concentration. Ilfltigure 
5 a similar tendency to wards a direct reJatintish ip 
between plas majnlume a nd blood urea nit rogyn 
i s illustrate d. The mc rease in plasma volume a c- 
companying a dechnmg red cell count in bo th 
primary and secondary anemia has been co m 
mented on above and is illustrated with respect 
to the cases of nephntis herem studied in Figure 2 
The effect of these 3 factors on the course of 
the plasma volume m the 6 edematous cases fol 
lowed dunng diuresis is summanred m Table IIL 

TABLE ra 

Theorehcal and obsentd effed cf eJumtes m terwn aihumxn 
concenttaHon blood urea ntiroien and red ceil exfunt 
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• Data on Wood urea nitrog en not avaflaWe- Nonpro* 
ttjn ni tr ogen decreaicd elightly 


The confonmty of the observed change m plasma 
volume to the change predicted on the basis of 
the sum total effect of variations m the 3 factors 
IS stnkiDg 

This concept of the interrelationships of 3 fac- 
tors regulating the bajance between plasma and 
cxtravascular keeping with the views 

expressed m the hterature. Since the clinical ap- 
plication by Epstein (22) of Starhng s work (23) 
on the osmotic pressure of the plasma proteins 
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Fig 5 Plasma Volume in Relation to Serum Albumin and Blood Urea Nitrogen 
Inca'easmgAuDncentration of serutn albumin and blood urea mtrogen is accompamed by an mcrease m plasma 
volume, tho^erage trend of which is mdicated by the sohd Imes 


much evidence has accumulated to establish the 
connection between albuminuna, low plasma pro- 
tein concentration, decreased osmotic pressure of 
the plasma, and the development of edema in 
nephntis (24 to 32) On the basis of present 
knowledge it is to be expected that the -watery 
element of the blood should be low m hypopro- 
tememia and that in edematous patients the 
plasma volume should increase as the serum pro- 
tein concentration rises under therapy, pro-viding 
the electrolyte balance remains unaltered While 
determinations of_^blood electrolytes were not 
made in this stu^ m our cases of nephritis (see 
Figure 5) as the nonprotein mtrogen concentra- 
tion rose, the plasma volume tended to rise The 


mechanism of this augmentation of the plasma 
volume IS not clear 

The work of Blumgart et al (34) has shown 
that in anemia the arculation time becomes faster 
as the red cell count diminishes It is interesting 
that a similar trend -was not encountered in Ahe 
cases of Bnght's disease herein studied ^ The 
raajonty of our cases had moderate tyy severe 
anemia, and yet the average arculatior,4lras shoivn 
in Figure 4 did not definitely become fn ^ter as the 
average red cell count diminished is perhaps 

significant that the arculation timrj^^ tbe cases 
-with subacute glomerular nephntis^j i^ith edema 
(nephrosis syndrome) -was, for coisrcu’parable levels 
of aneima, slower than the grou^ve^ chronic 
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glomerular nephntis The lowered basal metab- 
olism that obtains in nephrotic cases is well 
known The circulation time is slow m myxe- 
dema (35 36) even when uncomplicated by 
anemia In our opimon the depressed metab- 
olism of the nephrotic cases probably accounts 
for the relatively slow blood flow at the levels 
of anemia exhibited by these patients 
There remain for final consideration those cases 
with renal msuffiaency who were in congestive 
heart failure In spite of the fact that these pa 
tients were moderately dehydrated and cachectic 
m the later stages of their progressive disease 
conditions in which one would expect to find a 
hypovolemia, total blood volume was well above 
normal limits and considerably higher than the 
average of either Groups I or II Grculatmg 
red cell volume was above normal in Cases 359 
374 and 393 all of whom had chrome vascular 
nephntis and had never progressed to the stage 
of azotemia and anemia which was however the 
chmeal condition preceding congestive failure in 
Cases 368 and 380 In these latter 2 cases de- 
spite thar anemia arculatmg red cell volume was 
definitely above the average level found at a cor- 
responding red blood cell count m the nephntics 
without congestive failure The elevation above 
normal total blood volume was not as great as 
the average increase above normal m congestive 
heart failure due to valvular disease or chrome 
myocarditis (37) 


SUMMAKV 


additional factor appears to be introduced result- 
ing m an increased arculatmg red cell volume 
and henccLJifcreascd total blood volume 




CONCLUSIONS 


In Bnght’s disease plasma volume tends to 
vary directly with the serum albumin concentra 
tion and blood nonprotein mtrogen concentration 
and i^irectly Nvith the degree of anemia present 
the edematous stage hypoprotememia 
tends to dimmish and, if present, anemia tends to 
augment the plasma volume, 

3 During diuresis there is a tendency for 
plasma volume to mcrease chiefly m relation to 
the increase in the albumm fraction of the serum 
protdn'^ 

The mterrelatlonship of changes in plasma 
and arculatmg red cell volume is such that total 
blood volume is below normal m all stages of the 
disea^ 

XS'^When congestive heart failure occurs m pa 
bents with chronic ncphnbs, plasma arculatmg 
red cell, and total blood volume arc definitely 
above average levels foimd at comparable levels 
of anemia m patients with chrome nephnbs but 
without congestive heart failure 
6 Circulation time m the group of cases ex- 
hibiting subacute glomerular nephntis with edema 
(nephrosis tyndrome) ^vas 8lo\ver than m the 
group with chronic nephntis without edema. The 
lowered metabohsm charactenstic of the former 
group may explain this paradoxical finding 


In this study we have observed the course of 
the plasma and total blood volume in nephntis 
Three factors appear to be concerned in the 
ulation of the plasma voluttx: serum albumin 
concentration nonprotem nitrogen concentration 
and the degree of anemia, The/^ect of these 
factors has been described 'Jtegardlcss of the 
stage of the disease, whether acute, subacute, or 
chronic, with or without edema or renal insuQi 
aency, the level of the plasma volume reflects the 
interrelationship of these 3 factors rela^ 

tionship of the changes m plasma and arculating 
red cell volume is such that the total blood volume 
al>va^ remains below normal 

development of congestive heart failure, 
regardless of the degree of anemia present an 
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INABILITY TO DEMONSTRATE A PLATELET REDUaNG SUB- 
STANCE IN AN ACETONE EXTRACT OF THE SPLEEN FROM 
PATIENTS WITH IDIOPATHIC THROMBOCYTOPENIC 
PURPURA* 
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It IS well established that some relaUonstup ex- low brown fatty, sticky residue remained on the 
ista between the spleen and the number of plate- walls of the Bask. In each case 100 cc of distilled 
lets m the arculating blood Splenectomy per water was added to the distilling flask shaken 
formed on patients with chrome idiopathic vigorously for 10 mmutes and filtered through 
thrombocytopemc purpura frequently results in one thickness of coarse filter paper The final 
a climcal and hematolc^cal cure. Recent investi preparations were cloudy Each of the three 
gabons (1 2, 3) suggest that the spleen of pa- splenic extracts was used within 48 hours after 
bents with this disease contains a substance its preparabon. 

capable of reducing the number of blood platelets White male rabbits approximately 6 months of 
in certain laboratory animals This matenal ob- age, weighing from 2 5 to 4 kilograms, were used 
tamed hy acetone extracbon has been called as the test animal A new rabbit was used for 
thrombocytopen (3) It was reported that the every mjeebon The mjeebons were made mto 
intravenous injection of thrombocytopen into a the marginal veins of the car 
normal rabbit reduced the platelet value as much Blood platelet detcrminabons were made with 
as 90 per cent Such observations, if confirmed, the aid of an isotomc dilubng fluid by a method 
would be an important contnbubon to a better previously described (4) The counts on the 
understanding of certain purpunc condibons purpuric patients were made on capillary blood 
The purpose of the present mvesbgabon was to obtained from the ear, the counts on the rabbits 
confirm these recent studies were made on blood obtained from the ear vems 

Previous studies have mdicated that blood plate 
METHODS let detemnnabons by this method when per- 

The material for this study ivas obtamed from “ exp«ncnced mdmdual, mclude an 

the spleens of three pabents with typical chrome ap^owmate techmeal error of from -f 4 per cent 
idiopathic thrombocytopemc purpura. An ab- P”’ 

stract of the history physical examination, and observations 

laboratory findings in these cases wiU be given Caso I This pahent, a white schoolgirl, 16 
later in this commimicabon. years of age, was admitted to the hospital with a 

The method used for the preparabon of the complaint of protracted menorrhagia The 

acetone extract of each spleen was essenbally the suffered from menorrhagia, bleeding 

same as that desenbed by Troland and Lee (3) epistaxis, and easy 

In each instance the spleen was taken direcUy 10 6 

from the operahng rooms, finely ground m a food 500 cc. blood transfusions had been given for 
chopper, and placed m five volumes of acetone ^cmia. The past history was not pertinent, and 
U S P The flask was kept in the ice box at 5' hemorrhagic 

C and shaken for 5 minutes daily After an in disorder 

tcTval of from 34 to 76 days the hght^range physical examination upon admission revealed 
supernatant extract \vas filtered and the acetone ^ jjeyeloped, well nounsbed girl with marked 
removed from the filtrate by distillation. A ycl pallor There was blecdmg from the gums and 

There were numcrouB petcchiae and 
coosln Alumni Research Foundafioc. ccchymotic areas both old and be 
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entire body The heart and lungs were normal 
The blood pressure was 136/88 The spleen 
edge was barely palpable below the left costal 
margin Aside from the utenne bleeding the pel- 
vic examination was not sigmficant 


vealed nothing abnormal The blood Wasser- 
mann test was negative X-ray studies of the 
lungs, paranasal sinuses, and teeth were normal 
The patient was observed on the medical serv- 
ice for 6 weeks without change m the chnical or 



Fig 1 Effect of Splenectomy on the Blood Platelet Count and Bleeding Time in an Individual 
(Case I) with Idiopathic Thhombocytopenic Puhpuea 


On admission to the hospital the hemoglobin 
was 6 36 grams per 100 cc and the erythrocyte 
count was 2,380,000 per cu mm The leukocyte 
count was 6,700 per cu mm and the differential 
count was withm normal hmits The red blood 
cells showed moderate vanation in size and shape 
The blood platelet count was 23,000 per cu mm 
There was no retraction of the clot in 24 hours 
The bleechng time (Duke’s method) was 15 min- 
utes and the coagulation time, determined by 
placing 2 cc of venous blood in a 100 X 13 mm 
test tube kept at 37 5° C , was 8 minutes The 
tourniquet test was strongly positive The plasma 
prothrombui (Quick’s method) was 100 per 
cent The blood cevitamic aad was 1 31 mgm 
per 100 cc Unne and stool examinations re- 


laboratory status Dunng this time she received 
7,500 cc blood transfusions After this penod 
a splenectomy was done The blood platelet 
count showed a significant increase 4 hours later 
and all of the hemorrhagic manifestations ceased 
There has been no recurrence of abnormal bleed- 
mg Figure 1 shows the blood platelet counts 
and bleeding times on this patient during the 
penod of hospitahzation The hemoglobin and 
red blood cells rapidly rose to normal with iron 
therapy 

An extract was prepared from the spleen ob- 
tained from this case in the manner previously 
descnbed The spleen weighed 265 grams An 
interval of 59 days was allowed for the extraction 
A portion of this extract (Number 1) was ad- 
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ministered intravenously to each of three rabbits 
and the effect on the blood platelet counts was ob- 
served, The results are presented m Table I 


TABLE I 

Efffect of intravenctu tnjectwn of spltnic extract Number 1 on 
the Hood plaldet counts of Ikre* rabbtls 


Tbae 

FbteleU 

lUbUt 
nar7tl.>er 1 

(recefred 

ISccO 

lUbblt 

tmzaba2 

(iTc«hred 

U ccO 

RabUt 
mzniber 3 
(recjclred 

50 (X3 

haw 

t>*r ot, m. 

ptr (H WN 

P*r oL. am 

Before injection 




48 

415 000 

397 000 

S29 000 

24 

396 000 

420 000 

530 000 

1 

400 000 

389 000 

558 000 

After injection 




f 

390 000 

367 000 

522 000 

3 

374 000 

472 000 1 


5 

387 000 

430 000 ' 

550 000 

7 

402 000 


546 000 

10 

425 000 

406 000 I 

537 000 

20 

375 000 

359 000 1 

518000 

30 

416 000 

408 000 

493 000 

48 1 

387 000 ' 

397 000 

505 000 

72 

409 000 

414 000 



Ccui II This patient^ a 20*ycar-old white 
housewife, was admitted to the hospital because 
of bleedmg from the gums The patient stated 
that she had bruised easily for several years 
However, during the past four months she had 
had repeated severe cpistaxis bleeding from the 
gums, menorrhagia and numerous pctechiae and 
ecchymoses over the skm and raucous membranes 
Three weeks prior to admission she had had 
prolonged hemorrhage followmg two dental ex- 
tractions Three blood transfusions were re- 
quired to keep the hemoglobin from becoming 
dangerously low Weakness and ease of fatigue 
became quite severe. The remainder of the 
history was irrelevant and there was no hemor- 
rhagic disorder in other members of her family 

On physical examination the patient exhibited 
marked pallor and lethargy There was bleeding 
from the gums and vagina, fresh retinal hemor- 
rhages bilaterally numerous petechiae over all 
extremities and m the mouth splenomegaly and 
moderate cervical lymph node enlargement The 
remainder of the examination revealed nothing 
abnonnaL 

On admission to the hospital the bemoglobm 
was grams per 100 cc., and the erythrocytes 


numbered 1,920,000 per cu. mm The leukocyte 
count was 9,950 per cu mm. and the differential 
count was nonnaL The red blood cells showed 
microcytosis and a few nucleated forms Careful 
examination of the blood smear showed a marked 
diminntion in the number of blood platelets 
There was no retraction of the blood dot m 24 
hours The bleeding tunc was 38 minutes and 
the blood coagulation time determined by the 
capillary tube method was 3 mmutes The tour- 
niquet test was positive. The plasma prothrom 
bin (Quick’s method) was 100 per cent The 
blood cevitamic aad was 0.82 mgm per 100 cc. 
Unne and stool examinations revealed nothing 
abnormaL The blood Wassermann test was 
negative. Chest and dental x rays were within 
normal limits 

There was no essential change in this case 
durrag the next three weeks under medical obser 
vabon. Five 400 cc. blood transfusions were 
given during this mtcrval without permanent e£ 
feet upon the bleeding tendency The method 
used for the blood platelet counts dunng tbiS 
tune was not reliable. However the platelets 
were greatly reduced on repeated examinations 
of the blood smear and the bleeding tune showed 
values from 10 minutes to 2 hours A splenec 
toray was performed and the patient was subse- 
quently observed in the hospital for 10 weeks 
Unlike Case I, the hemorrhagic manifestataons 
persisted dunng this tune although they were 
less severe. The blood platelets never exceeded 
35^000 per cn mm. Seven 400 cc. blood trans- 
fusions were g i ve n dunng this postoperative 
penod, and at the time of discharge the herao- 
globm was 14.3 grams per 100 cc and the red 
blood cell count was 4,540000 per cu mm. 

This patient has been seen on two occasions in 
the outpatient department since discharge from 
the hospital Four months after splenectomy the 
blood platelet count was 198 000 per cu mm. and 
7 months after splenectomy the count was 452 000 
per cu. mm The pabent has been free of any 
severe heraonhages since her discharge from the 
hospital. 

The spleen obtamed from this case weighed 
310 grams Immediately after its removal it 
was groimd and placed in five volumes of 
and an extract was prepared 
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instance 76 days were allowed for extraction A 
portion of this extract (Number 2) was injected 
intravenously into each of three rabbits and the 
effect on the number of blood platelets observed 
The data are given in Table II 


TABLE II 

Effect oj intravenous injection of splenic extract Number 2 on 
the blood platelet counts of three rabbits 


Time 

Plateleta 

Rabbit 
number 4 
(received 

15 cc.) 

Rabbit 
number S 
(received 

25 cc) 

Rabbit 
number 6 
(received 
SOcc) 

hows 

Per cu mm 

per cu mm 

per cu mm 

Before injection 
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433,000 

502,000 

24 

432,000 

502,000 

504,000 

1 

485,000 

429,000 

557,000 

After injection 




1 

471,000 

486,000 

486,000 

3 

505,000 

518,000 

554,000 

6 

437,000 

427,000 

466,000 

10 

468,000 

478,000 

430,000 

20 

499,000 

503,000 

558,000 

24 

538,000 



48 

546,000 

460,000 

501,000 

72 

462,000 

472,000 

514,000 


Case III This patient, a white boy, age 10 
years, was admitted to the hospital with a chief 
complaint of epistaxis and easy bruising The 
patient was in good health until 4 weeks before 
entry when he first had a severe epistaxis Pur- 
pura became evident over the entire body and 
on the day previous to admission the patient had 
4 emeses of bright red blood There were no 
recent infections, and there was no history of an 
abnormal bleeding tendency in any other member 
of the family 

Physical examination showed a well developed, 
well nourished, pale boy with petechiae and 
purpunc areas over the entire body The tonsils 
were hypertrophic and infected The remainder 
of the physical exammation ^vas essentially nor- 
mal The spleen was not palpable 

Laboratory studies on admission showed a 
hemoglobin of 8 5 grams per 100 cc , an ery- 
throcyte count of 3,300,000 per cu mm , and a 
leukocyte count of 9,000 per cu mm The blood 
smear revealed a normal differential count and 
changes in the red blood cells consistent with 
hypochromic anemia. The blood platelet count 


was 13,000 per cu mm , and there was no re- 
traction of the blood clot in 24 hours The 
bleeding time was 12 minutes, and the venous 
blood coagulation was 7 minutes The tour- 
niquet test was positive The blood cevitamic 
acid was 1 4 mgm per 100 cc Unne and stool 
examinations were normal The blood Wasser- 
mann test was negative X-rays of the lungs, 
sinuses, teeth, and long bones were normal 
The patient was treated medically in the hos- 
pital for 6 months without improvement in the 
bleeding tendency The tonsils, and 2 teeth with 
apical abscesses, were removed with resultant 
dangerous hemorrhage. Dunng this protracted 
preoperative period a total of 9,250 cc blood 
transfusions was given This patient also re- 
ceived two courses of x-ray therapy to the splenic 
area One hundred r (in air) were given over 
the anterior and posterior spleen on consecutive 
days up to a total of 400 r over each area. Ten 
weeks later 200 r (in air) were given over the 
anterior and postenor spleen on consecutive days 
up to a total of 800 r over each area Customary 
deep x-ray therapy technique was used (half 
value layer in Cu = 1 0 mm ) Repeated blood 
platelet counts during this time never showed a 
value of over 58,000 per cu mm , and the bleed- 
ing time was persistently prolonged After this 
period a splenectomy -was performed and the 
hemorrhages ceased immediately The response 
of the blood platelets to splenectomy was very 
similar to that in Case I as shown in Figure 1 
With the cessation of bleeding the anemia rapidly 
improved An outpatient visit 3 months after 
surgery established that there had been no recur- 
rence of abnormal bleeding The blood platelet 
count at this time was 244,000 per cu mm 
An acetone extract was prepared from this 
spleen (weight 70 grams), in the same manner 
as previously described In this mstance 34 days 
were allowed for extraction A portion of this 
splenic extract (Number 3) was again adminis- 
tered intravenously to each of three rabbits and 
the effect on blood platelet values noted The 
results are shown in Table III 
There were no local or general reactions noted 
in any of the rabbits as a result of the intra- 
venous injection of the splenic extracts The 
animals were carefully watched following the in- 
jections but no hemorrhagic manifestations were 
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TABLE m 


Effect of inlnvenovs injection of splentc extract Number 3 on 
the btood ptateUt counts of three rabbits 


Time 

FbiUkU 

1 RebNt 
mimber 7 

1 (rtcdred 
TecJ 

i Rabbit 

tuunber B 

1 (recdTed 

24 cc3 

1 Rabbit 
mtmber 9 
trecdrtd 
(i2cc4 

kom 


1 fer e* mwu 

ptr nu wm 

Before injection 




48 

1 547 000 


392 000 

24 

553 000 

415 000 

407 000 

2 

i 600 000 

368 000 

385 000 

1 

565 000 

395 000 

370 000 

After injection 




1 

582 000 

387 000 

339 000 

2 

599 000 

408 000 

364 000 

4 

615 000 

404 000 

341,000 

8 

569 000 

4S5 000 

359 000 

12 

578 000 

381 000 ' 

370 000 

20 1 

626 000 1 

400 000 ' 

343 000 

48 

588 000 

395 000 

351 000 


observed^ Abnormal bleeding never occurred 
after the inosiona of the ear veins necessary for 
the numerous blood platelet counts 
The gross and microscopic appearances of the 
spleens were not outstanding In every case the 
follicles were quite hyperplastic and the sinusoids 


were dilated and filled with phagoc3dca contain- 
ing blood pigment The spleen obtained from 
Case III showed no fibrosis as a result of the two 
courses of x ray therapy 

CONCLUSION 

The present investigations do not confirm pre- 
vious reports that an acetone ex tract of the spleen 
from individuals with chronic idiopathic thrombo- 
cytopenic purpura contains a substance capable 
of reducing the number of blood platelets in 
rabbits 
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Recent studies have directed attention to the 
great theoretical and practical significance of 
serum or plasma iron. It has been demonstrated, 
in the first place, that plasma iron is of metabolic 
importance m that it serves as the medium for 
iron transportation m the mammahan organism 
(2, 3 4 5) This concept has made possible a 
more direct approach to the analysis of the fac 
tors controlhng iron absorption since an mdex of 
the amoxmt of iron being absorbed from the in- 
testinal tract under standard conditions can be 
gamed by measunng iDcrcases in plasma iron 
(2 6 7) In the second place, the differences 
which occur in fasting plasma iron values in 
various of the anemic states have been shown 
to be of differential diagnosbc value (2 4, 5 
8 9) and of importance m permitting one to 
mterpret the adequacy of iron reserves, rates of 
erythrocytogenesis and rates of red blood cell 
destruction (2 3) 

These several uses to which a study of plasma 
iron can be applied are dependent upon a thor- 
ough knowledge of the fluctuations which may 
occur m any given individual under normal ar 
cumstanccs Present information as to the nor- 
mal range for plasma iron values m the human 
has been obtamed largely from single determina 
tions on a relatively large group of individuals 
(4, 8, 9 for bibliography pnor to 1937, sec 
reference 1) Only a relatively few studies of 
the variations which occur m the same normal 
subject from hour to hour or from week to week 
have been made. Locke Mam and Rosbash 
(10) noted that the extension of a fasting in 
terval from 12 to 24 hours was attended in 
normal individuals by a 20 to 40 per cent increase 
in the serum iron leveL Heilracyer and Plotner 
(4) obtained variations of plus or minus 30 per 
cent in the serum iron values of normal persons 

543 


when determinations were made at intervals of 
a few hours or of from 1 to 9 days Thoenes 
and Aschaffenburg (11) reported the changes 
which occurred in serum iron in several healthy 
mfants from the age of 20 days to 81^ months 
but these figures are of little value for compan 
son with those from adult human subjects The 
same objection apphes to those few additional 
studies which have been made on the daily and 
weekly vanabons m the serum iron values of 
laboratory animals The present study was un 
dertaken m an attempt to define more sharply 
the serum or plasma iron fiuctuabons which occur 
in hematologically equilibrated subjects and to 
determme the effect of antianemic therapy on the 
blood iron relabonships of normal individuals 

Interpretflbon of the metabolic significance of 
* easily spht off ’ blood iron has been altered by 
Barkan and Schales (12) recent observabons 
which tend to show that this form of blood iron 
is probably dissoaated by the acbon of dilute 
aads from a pscudo-hemoglobm, an mtermediary 
compound formed dunng the breakdown of 
hemoglobin into bile pigment The previous con- 
tenbon that easily spUt-off blood iron is 
directly related to the function of iron trans 
portabon has been withdrawn The normal van 
abons in ‘ easily spht-off ’ iron values, there- 
fore are of less importance to a study of this 
kind, they have been determined however and 
for the sake of completeness, arc included in the 
presentation 

Methods and spectrophotomelnc amlysts of the 
mtensity of the tron thiocyanate color 

Blood speamens were 
performed in the manner v. 

(1) However, since the 
thiocyanate colonmetnc method 



544 


CARL V MOORE, VIRGINIA MINNICH, AND JO WELCH 


challenged on the ground that the color extracted 
from aad solution by iso-amyl alcohol is not con- 
stant, not directly proportional to the concen- 
tration of iron present, and is sensitive to minor 
fluctuations in aadity (13), it was deaded to 


iron per 20 cc of solution) were prepared which 
ranged in aadity from 0 5 to 7 normal with re- 
spect to sulphuric aad The feme state of ioniza- 
tion was assured by the addition of a few drops 
of concentrated nitnc aad to the solutions at 



(0 012 mgm. m 10 cc, iso-amyl alcohol, cell depth 25 nun.) 
Extinction Coefficient = log j 

Where I, is equal to intensity of incident hght 

I IS equal to intensity of transmitted light 


check the intensity of the color produced under 
varying conditions with spectrophotometnc 
readings 

The absorption band of feme thiocyanate m 
iso-amyl alcohol solution is given in Figure 1, 
it IS apparent that maximum intensity of the 
band was reached at a vravelength of 500 milli- 
microns In order to test the effect of changes 
in acidity on the intensity of color, standard 
aqueous solutions of feme iron (0008 mgm of 


approximately 100° C (1) After they had been 
cooled to room temperature, the solutions were 
overlaid with 10 cc of iso-amyl alcohol, the 
color of feme thiocyanate developed by the ad- 
dition of 5 cc of a 20 per cent aqueous solution 
of potassium thiocyanate, and the color immedi- 
ately extracted by the alcohol The intensity of 
the absorption band at a wavelength of 500 milli- 
microns was determmed for all the solutions and 
found to be remarkably constant (Figure 2) 



Fig 2. Effect of AenuTY on iNTENSiry of the Color of Fe(CNS), in Iso-amyl 
Alcohol — Spectbophotometric Comparisons 

Normality refers to the iron solution from which the Fe(CNS), was extracted by 
iso-atnyl alcohol , 20 cc. iron solution (0008 mgm. Fe) and 10 cc, iso-amyl alcohol were 
used. Normality variation was effected by changmg the amount of sulphuric aad. 
Readings were made qt a cell depth of 20 mm., wavelength SOO miUunicrons 
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Furthermore, the point of maximum mtensity of 
the band did not shift appreciably from the 500 
millnmcron wavelength mark, a fact which m 
dicates that the quahty of the thiocyanate color 
remamed approxunately unchanged. The acidity 
vanations attained here far exceed the 2 to 4 
normahty range actually encountered in serum 
iron detemunations as done m these ravestiga 
tions (1) Further weight is thus added to the 
contention that no more accurate control of 


from aad solution (normality lumts as above de- 
scribed) by iso-amyl alcohol teas directly pro- 
portional to the concentration of iron, Agam, 
the maximum mtensity of the absorption band 
remained relatively eonitant at 500 millmiicrons 
wavelength 

It was further ascertained that the feme thio- 
cyanate color in iso-amyl alcohol solnhon re- 
mamed practically constant m a darkened room 
for at least one hour If the solutions were ex 



Fio, 3 SrecTBOPHOTOUEraic Couparisoh or the iHTDfsiTY or the 
Fe(CNS), Coma nt Iso-amyl Alcohol Peooccei) by Dhtejeht 
Amouhts or Fc*^ 

Rcsdloffs made at cell depth 20 mm., -wavelength 500 mUhnilcrDtia. 


aadity than this is necessary to insure the ac 
curacy of the method 

Solutions of iron -were then prepared to cor- 
respond to serum iron -variations frbm 0 05 to 
1 0 mgm. per cent (0 002 to 0 04 mgm of iron 
in 20 cc. of solution to be extracted by the 10 
cc. of iso-amyl alcohol) The extinction coef- 
fiaents of these specunens were measured at a 
wavelength of 500 millimicrons and plotted on 
a graph (Figure 3) Withm the lumts of error 
of the visual readmgs the curve described by the 
mtensity values of the color was a straight line, 
indicaung that for the concentrations of iron 
used, the color of feme thiocyanate extracted 


posed to direct sunhght or to strong artifiaal 
hght, however, considerable fading occurred 
during a 60-minute period 
The authors wish to confirm the observation 
of Barkan Heilmeyer, Baer, and others that if 
serum is diluted with one or two volumes of 0 1 
N HCL and permitted to stand at room tempera- 
ture for 15 to 30 minutes before trichloracetic 
aad is added, the iron is ionized or so changed 
that it passes quanbtatively into the filtrate and 
IS not brought do-wn -with the protem trichlor- 
acetic aad preapitate. The use of this method 
of preapitabon frees the serum of any hemo 
globm and makes it unnecessary to use the more 

-1 , ^ 
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difficult benzidine method of measunng traces 
of hemoglobin 

Total red blood cell counts were made on blood 
obtained by finger puncture The counting 
chambers and Trenner diluting pipettes used were 
certified by the U S Bureau of Standards 
Hemoglobin determinations were done by the aad 
hematin method with a Duboscq colorimeter and 
the Newcomer standard color disc. Wmtrobe 
tubes were used for the estimation of packed cell 
volume, the anticoagulent used was a mixture of 


a 24-hour penod on a number of normal subjects 
and hospital patients The fluctuations were 
relatively slight 20 to 35 micrograms per 100 cc 
in serum iron values and 15 per cent m the 
“easily split-off” iron levels On one of the 
subjects, V M , a young woman aged 28 years, 
2 sets of observations at intervals of 1 week were 
obtained (Figure 4) Dunng the first penod, a 
change of 35 micrograms per cent in serum iron 
was observed, but dunng the second penod, the 
amount remained practically constant. Figure 5 
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Fig 4 Variations in Serum and "Easily SPLir-oFr” Iron in a 
Normal Subject during Two 24-houe Periods 


ammonium oxalate and potassium oxalate, as rec- 
ommended by Heller and Paul (14) , the spea- 
mens were cebtnfuged at 3,000 r p m for 30 min- 
utes 

Intra diem vanatwiis in serum and “ easily spht- 
off blood iron 

In order to study the quantitative variations 
which occur in the vanous blood iron fractions 
dunng the daily cycle, we made determinations on 
6 or 7 blood samples taken at intervals throughout 


records the fluttuatiOn of serum and “ easily split- 
off ” blood iron dunng 24 hours in a white male, 
aged 55 years, who was a patient in the Univer- 
sity Hospital with a diagnosis of chronic alcohol- 
ism, portal arrhosis, and a functional achlorhy- 
dna The values were remarkably constant It 
should be noted that the serum iron level in this 
patient was below the zonal range usually found 
in adult males, and that a moderate anemia was 
present The changes observed in all subjects 
were not cbnstant in direction, but osallated and 
were independent of normal food intake 




NOBUAL VARIATIONS IN SERUM AND EASILY SPLIT OFF IRON 


547 


0-38CT H3 JjAfled Sflyesra Chronic Bkohollsni, 
cirrhosis of liver Funclional achlorhydria 

5fr 

a 

|ao5 
a 

r " 

1 

n 

Cvll \tluTnt 

Scrum Iron 

"Easily 9plit-0f f" Iron 

01 H H^SOa. ^ , 

OlN HCi 

fastmd lunch dinner brcahfast 

' Aim ( t pini. it i i Aim 

Hour 8 U Z 5 10 

Day 5 6 

1937 Auqusl 


Fio- 5 VAUAnoKS rw SiauM awb “Easily Split 
OFP*' IttON mntxHo a 24-houi Pebioo ih a Patont with 
FtWCTtOKAt ACHLOtHYntIA 


Vartations tn the blood iron fracitons of normal 
female subjects during 6 months of observation 

Diinng the tme this study was being made, 16 
“normal*' Freshman college women were sub- 
jecting themselves as a part of another project, 
to airaplete finger blood counts biweekly These 
young women permitted veiupuncturcs to be done 
at intervals of 4 ^vceks for 6 months in order that 
scrum and “easily split-off * iron determinations 
might likewise be obtained They reported to the 
laboratory between 8 and 9 o’clock without break- 
fast on the same morning of each week that blood 
WES to be drawn Minimum and maximum 
values for the vanous data accumulated are sum 
marued in Table I The vanations of approxi 
mately one milhon in total red cells were no 
greater than those observed by Doan and Zcrfas 
(15) when consecutive counts at intervals of 15 
minutes over a penod of hours were obtained on 
normal subjects Hemoglobin and packed cell 
volume changes closely paralleled those for the 
red cells 

The lowest serum iron value observed dunng 


TABLE I 


Extremes of luHolwn In serum and "easily spht-off" tron observed durmg six months of study in sixteen normal 

college xvamen 
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Subject Dubing Five Months of Obsekvation 



Fig 7 Relative Constancy of Serum and “ Easily Split-Off ” Iron in a Normal 
Subject During Five Months of Observation 
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the whole study was 0068 mgm, per cent, the 
highest 0 178 mgm per cent, differences between 
minnnum and maximum serum iron value* for 
individual subjects ranged from 0018 to 0064 
mgm per cent and averaged 0 041 mgm. per cent 
for the group Figures 6 and 7 contain graphic 
representations of the data from two representa- 
tive cases and serve to show that the changes were 


previously reported (1) The differences m in- 
dividual cases ranged from 022 to 1 47 mgm per 
cent for HQ and from 027 to 1 48 mgm per 
cent for H,SO,, the average variation was 027 
mgm per cent. 

These observations required that 50 cc. of blood 
be withdrawn from each of the subjects once 
every four weeks This blood loss was not 


0"3>476 VM. 9 Aged £7 years 



Fio 8. Emcr or th* Omal ADMnnstaATion or Femic Sodium CmtATs ok tue Blood 
I iuiH Relationihifs iw a Noejiai. Feuals Subject 


osallatiog ra type and bad no persistent direc- 
tional cbaractenstics No correlation with phases 
of the menstrual cycle could be made. 

The over-all minimum and maximum values 
lor the whole sents of determinations were 1.85 
and 3 97 mgm per cent for easily spht-off” 
blood iron determined with 0 1 N HQ, and 322 
and 5 09 mgm per cent for those made with 0 1 
H HjSO, Th^ limits agree well with those 


thought to be suflaaent to embarrass the iron re 
serves of these healthy young women, but in order 
to check more carefully on the amounts of iron 
bemg lost by hemorrhage determinations of the 
menstrual blood flow were made. Used penneal 
pads were placed immediately into glass jars 
which contained 01 N HQ Attempts were 
made to avoid loss at times of micturition and 
defecation When each period was compile, the 
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pads were extracted repeatedly with additional 
amounts of 0 1 n HQ Seven to 10 liters of the 
dilute aad were usually used for one set of men- 
strual pads An ahquot portion of the extract 
ivas taken for digestion and the determination of 
iron A number of unused pads \vas extracted 
in a similar manner in order that correction might 
be made for the iron present in them For the 
purpose of calculating the maximum menstrual 


Effect of specific anUanemic therapy on the blood 
iron fractions of hematologically equil- 
ibrated tndxvtdmls 

It IS of theoretical interest to know whether it 
IS possible to increase the serum iron level of nor- 
mal individuals by giving them iron in therapeutic 
amounts so as to saturate their storage depots 
Accordingly, vanous iron salts — ferrous sulfate, 
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Fig 9 Effect of Parenterally Administered Liver Extract on Blood 
Iron Relationships in a Subject with Normal Blood Picture 


flow, It was assumed that all the iron had been 
discharged as hemoglobin Even with this as- 
sumption, the loss in terms of volume of blood 
(calculated on the basis of the subject’s hemo- 
globin level) ranged only from 9 to 41 cc It 
ivas not possible to correlate the serum iron or 
hemoglobin levels with the quantity of menstrual 
flow, tliat is, girls with the largest menstrual loss 
did not necessanly have the lowest serum iron and 
hemoglobin values 


ferrous carbonate, iron pyrophosphate, feme 
sodium atrate, feme ammonium atrate — ^were 
taken by a number of healthy adult subjects in 
ordinary therapeutic doses for penods of time 
which vaned from 4 to 8 weeks In no instance 
was any sigmficant change in either serum or 
“ easily spht-off ” blood iron values noted The 
data from one of these observations are graph- 
ically recorded in Figure 8 

Parenteral injection of liver extract hkewise 
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failed to influence the level of the blood iron frac- 
tions in subjects with normal blood pictures 
One of the patients on whom these negative re- 
sults were obtained is of mterest in that he had a 
histamine refractory achlorhydria (Figure 9) 

DISCUSSION 

When one considers that serum or transport 
iron must at all tunes be in phjrsiological eqm- 
hbnum with the amount of the metaf being ab- 
sorbed from the gastro-intestinal tract, bemg 
utihzed by the bone marrow for heraoglobm syn- 
thesis, being excreted, bang added to or with- 
drawn from the storage depots, and that bang 
thrown into the blood stream as the hemoglobin 
from destroyed red cells is broken down to bile 
pigment, then the fluctuations of 10 to 65 micro- 
grams per cent observed in the normal subjects 
studied m this mvestigahon are not surprising 
These changes withm the normal zonal range were 
oscillating in nature and had none of the sjiecific 
directional charactenstics which arc so typical of 
those changes which invariably have been found 
to result from disturbances of the erythrocyto- 
gemc equilibnum (2 3) 

The failure of hver extract to influence serum 
iron levels of normal mdividuals was an expected 
finding but the inabihty of orally adimnistered 
iron to raise the fraction above normal levels is 
particularly mteresting The experiments of 
Fowler and Barer (16) and of Brock and Hunter 
(17) indicate that amounts of iron as great as 6 
to 8 8 grains may be retained by the human sub- 
ject dunng one month of ordinary therapeutic ad- 
imnistration amounts which are over twice the 
quantity of iron present m the arculating blood 
of an average adult male. If the equilibnum 
between serum and stored iron is purely physico- 
chermcal m nature, it would be reasonable to ex 
pect a deeded increase m serum iron as the stor- 
age depots become more adequately supplied 
Since such an increase did not oanir during pen- 
ods of 6 to 8 weeks of iron therapy, it is suggested 
that other (I) a regulatmg raechamsm opera 
trve under normal conditions, controls the serum 
iron level or (2) a portion of absorbed iron is 
deposited m tissues possibly in skin, in a form 
which removes it temporarily at least from availa 
bihty to the body economy 


As has already been stated 'easily split-off ’ 
iron IS of less theoretical interest m any consid 
erabon of problems related to iron transportabon 
because evidence has been presented which tends 
to show that it is denved from a compound 
formed as an mtermediary stage in the breakdown 
of hemoglobm to bUe pigment (12) 

CONCLUSIONS 

1 The color of feme thiocyanate m iso-amyl 
alcohol, extracted from an aad (H,SO,) aqueous 
solubon was found to be 

(а) Pracbcally constant for a fienod of an hour, 

when kejit m a darkened room 

(б) Unchanged both m intensity and quality when 

the aad solubon from which it was ex 
tracted vaned in aadity from 2 to 4 nor- 
mal 

(c) Directly proj»rbonal in mtensity to the 
amount of iron present, at least within the 
range of 0 002 to 004 mgm of iron per 
10 cc. iso amyl alcohol This amount of 
iron corresjxmds with the method used, 
to a vanabon of serum iron from 0J)5 to 
IX) mgm pier cent 

2 Differences between mmimum and maximum 
serum iron values in a given normal subject 
ranged within the dady cycle and during a 6- 
month jienod from 001 to 0X)65 mgm per cent 
These changes were oiallating and disbnctly not 
specifically direcbonal m character 

3 Lrver and iron medicabon to the normal 
subject did not effect any appreaable alterabon 
in the serum iron level 

4 ‘ Easily split-off ” iron varied m the normal 

human adult as much as 1 48 n^m pier cent 
This fluctnabon was hkewise osallabng m type 
and unrelated to hver and iron therapy when the 
latter was given The physiological importance 
of this blood iron fracbon has fairly defimtely 
been divorced from the function of iron trans 
jmrtabon ' 
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Most of the problems of iron therapy which 
have troubled physicians during the past half 
century are fundamentally traceable to our ig- 
norance of the mechanism by which iron is ab- 
sorbed from the mtestiaal tract Had that 
mechamsm been understood, the discussions cen 
tenng about the relative efficacy of inorganic and 
organic iron preparations would not have oc 
curred and hematologists would not now be 
troubled by the clinical observation that simple 
ferrous salts are apparently utilized more com- 
pletely for hcmoglobm formation than arc the 
complex feme salts, such as iron and ammonium 
citrate (5 to U me,) Adequate experimental 
analysis of the factors mvplved m iron absorption 
has been delayed by the lack of a method suf- 
fiaently dependable to measure immediate absorp- 
tion from the intestinal tract. Investigators have 
been forced to utilize mdirect procedures which 
measure (I) the difference, m a given period 
of study between the amount of iron ingested 
and the amount excreted m the unne and feces 
(12 13) , (2) the amount of iron which "dis- 
appears * from an isolated segment of mtestine 
(14) or (i) the total increase m circulatmg 
hemoglobin resulting from the therapeutic ad 
mimstration of iron in vanous forms From 
the hcmoglobm increase is then calculated the 
percentage of iron that has been utilized (15 16, 
17) The first of these three approaches is open 
to the objection that no account can be taken of 

I Proented in jart before the Tenth Anmol Meethig 
of the Central Soaety for Gniical Research, Chicago No- 
vember 5-6 1937 and in part before the Sixteenth Inter 
nabonal Phyilological Congress Zurich, August 14-21 
1938. 

* The author* wish to express tbelr appreciaUcn to John 
T Read and Olga Blcrbanm for the assistance gmn 
by them m various phases of this investigabon, 

* M & R Dtctebc Laboratory Fellow In Medkal Re- 
search, 1937-1938. 


the iron which may be absorbed and then excreted 
into the colon (18) McCancc and Widdowson 
have however, presented evidence which tends 
to show that such excretion is mimmal (19) 
The technical difficulties are likewise significant 
m that the quantities of ingested and excreted 
(fecal) iron are large whereas the amoimt ac 
tually retained by the body has been shown to 
be comparatively small Under such arcum 
stances, the probable error m the determination of 
the large amounts administered orally and ex- 
creted m the feces is great and the period of 
study must at least be an extended one if the 
differences obtained are to be regarded as sig- 
nificant The second approach is that in which, 
by a process of intubation a known amount of 
iron IS placed m an isolated segment of mtestine 
After a penod of tune, the contents of the seg 
ment are aspirated and the difference between 
the quantity of iron onginally added and that 
recovered is assumed to be the amount that has 
been absorbed. Grocn and Taylor (20) have 
demonstrated, however that the difference is 
laiigely due to iron retained because of adsorption 
by the mucosa, rather than to actual absorption 
While the third method has certain advantages 
it not only is time consuming and indirect but 
has recently been challenged on the ground that 
much more iron is actually absorbed and retamed 
by the body following thcrapeusis than is utilized 
for immediate hemoglobin synthesis (12, 21, 22 
23) 

If however, iron absorption could be studied 
directlj and immediately by raeasunng the 
amount added to the blood stream by the rcsorp- 
tive process many of the difficulties would be 
eliminated This approach became possible only 
after it had been demonstrated that iron is tnms 
ported as plasma or serum iron (2 4) Its use 
IS dependent upon a knowledge of the ^ 
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relationships of iron in the blood Iron occurs 
in the blood stream m three states as hemoglobm 
iron, as “ easily spht-off ” iron, and as plasma 
iron The first of these is by far the largest in 
amount and both its chemical nature and physi- 
ological function are inseparably linked with that 
of the hemoglobin molecule “ Easily spht-off ” 
iron constitutes 5 to 10 per cent of the total blood 
iron , Its physiological function and chemical 
nature have not defimtely been defined, but Bar- 
kan and Schales (24) have presented evidence to 
suggest that it is denved from a “ pseudo-hemo- 
globm,” possibly an mtermediate step in the break- 
down of hemoglobm into bile pigment Corbs- 
Jones and Lemberg are apparently m agreement 
with this point of view (25) It is entirely pos- 
sible, as these authors suggest, that other iron con- 
taimng pigments, degradation products of hemo- 
globm, are likewise present m the penpheral blood , 
but since these substances are closely related, phys- 
iologically at least, to Barkan’s “ pseudo-hemoglo- 
bin,” they may be considered together with the lat- 
ter as forming one type of blood iron compound 
Serum or plasma iron is present m the relatively 
minute quantities of 50 to 180 micrograms per 
cent, its chemical nature is m question, but it 
lubably is part of a complex radical, m the ferric 
of ionization, m combmation with serum 
^ obulin (1) , the function of serum iron, as has 
been stated, is apparently that of iron transpor- 
tation 

Demonstration has already been made of the 
facts that (I) under basal conditions of iron 
intake and utihzation, hourly vanations m the 
serum iron level are comparatively shght (3) , 
and (2) following the oral administration of a 
smgle large dose of vanous of the iron salts, there 
IS a prompt rise in the serum iron fraction (2) 
This increase is apparent within the first half 
hour, reaches its maximum in 2% to 5 hours, 
and then gradually falls to approximate the basal 
level by the end of 12 hours The serum iron 
increase is not assoaated with a rise m the serum 
bilirubin content Hemoglobm and “ easily spht- 
off” iron fractions do not partiapate in the 
change (Figure 1) * By following the serum 

* Hahn, Bale, Lawrence, and Whipple (26) fed anemic 
dogs either feme chloride or feme sulphate which con- 
tamed radioactive iron and noticed a prompt mcrease in 
radioactive iron, first m the plasma, and later m the red 


iron responses to graded amounts of orally ad- 
ministered iron salts, therefore, under contrasting 
states of gastric acidity, dunng varying states of 
hematopoietic activity, and with experimentally 
altered conditions of intestinal motility and ab- 
sorption, It should be possible theoretically to 
obtain considerable information about those fac- 
tors which influence and control iron absorption 
The present commumcation presents the results 
of such a study 

Statement has previously been made (2) of 
the fact that other workers have noted the in- 
crease m serum iron which occurs when iron 
salts are taken by mouth Thoenes and Aschaf- 
fenburg (27) and Heilmeyer and Plotner (28) 
made, in addition, a companson of the nse in 
serum iron produced by several of the iron salts 
under the influence of vanous conditions which 
might alter mtestinal absorption The results of 
these studies will be discussed in connection with 
the analysis of the data accumulated in this m- 
vestigation These authors were not pnmanlv 
interested in the problem of iron absorption and 
did not, therefore, fully apply the serum iron ab- 
sorption curve technique to the study of the 
subject 

It must be emphasized that, since serum (trans- 
port) iron IS influenced not only by the iron being 
absorbed from the mtestinal tract, but also by 
that being withdrawn from, or added to, the blood 
stream by the organs of storage, utilization, blood 
cell destruction, and excretion, the vanations in 
serum iron do not measure the actual amount of 
iron being absorbed The curve of serum iron 
does, however, indicate the fact and the degree of 
absorption This method of study, furthermore, 
has a deaded advantage in that it permits cora- 
panson of responses m the same individual not 
only to different iron preparations, but also to the 
same salt at different penods of hematopoietic 
activity, and under different gastro-intestinal in- 
fluences 

cells The following statement is madt (26, p 2286) 
“The rapid appearance of radibactrve iron m the red 
blood cells is of great interest. A discussion of these 
observations must await further experiments to indicate 
the relationship of this iron to the hemoglobm of the 
vanous types of red blood cells (nucleated, immature, and 
mature) ” In normal dogs the iron did not appear to be 
absorbed m comparable amounts 
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The collection of scrum specimens and the 
technic of quantitative iron analyses >vcre earned 
out in the manner previously described (13) 

The rdle of the lymph in tron absorptwn 
Since Gaulc’s (29) claim that when feme 
chtonde was given orally to rabbits he was able to 
demonstrate iron by staining methods in the tho* 
raac duct lymph there has been considerable 
question as to the function of the intestinal lymph 
passages in iron absorption. Gaulc s experi- 
ments were cntiared by Muller (30) on the 
ground that feme chlonde is a protem preapitant 
and could easily cause considerable damage to the 
readily injured mucous membrane of the rabbit's 
intestinal tract Muller repeated the experiment 


using fem-oxytartancum and failed to demon- 
strate any increase of iron in the lymph of the 
thoraac duct These expenments were per 
formed before chemical methods of suffiaent sen 
sitivi^ to permit chemical quantotabon of the 
iron had been developed Further credence W’as 
given to the possibility of IjTnph transportation 
by the histological expenments of H6bcr (31), 
which tended to indicate that iron is resorbed in- 
tra-epithelially along with lipoid substances 
whereas lipoid insoluble material seemed to be 
absorbed inter-cpitbelially This conception of 
iron absorption as a function of living epithelial 
cells 13 compabble with Lintrd s (32) Fontes and 
ThlvoUe's (33) and Hahns et oL (26) belief that 
the body is capable of selective absorption iron 
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— that IS, of assinulating or rejecting it according 
to the needs at any given time. 

In order to study this problem further, both 
the blood serum and the thoraac duct lymph iron 
were followed in a number of dogs after the 
giving of moderately large doses of iron by stom- 
ach tube The dogs were prepared for eiqien- 
ment by being fasted for 18 hours They were 
then fed a meal which consisted of one-half 
pound of lard and a small amount of groimd beef 
muscle Four to 5 hours later, the ammals were 
anesthetized by intra-pentoneal injection of nem- 
butal The thoracic duct was isolated and can- 
nulated “ Fasting ” lymph and serum spea- 
mens were obtained and the iron salt, dissolved 
in 100 cc of water, was permitted to nm into the 
stomach through an ordinary lavage tube All of 
the lymph was collected into 50 cc paraffined 
centnfuge tubes, the samples were pooled for 
each successive 30- or 60-mmute period and cen- 
tnfugahzed to nd them of any red cells present 
Serum speamens were collected at hourly inter- 
vals from blood obtained by femoral artenal 
puncture. Since observations were continued for 
6 to 10 hours or more, and since considerable 
fluid was withdrawn from each animal, as blood 
and Ijrmph, subcutaneous injections of 100 cc sa- 
hne were made throughout the course of the ex- 
penment at intervals of 1^ to 2 hours Control 


hematocnt determinations, total cell counts, and 
hemoglobin estimations were hkewise made 
That the iron level in both serum and lymph ^vas 
relatively constant imder the conditions of “ irori- 
fasting” obtained m these animals with an un- 
disturbed hematopoietic equihbnum, is indicated 
in the representative data presented in Figure 2 
These results of 1 expenment in which 2 grams 
of ferrous sulphate were given are tabulated in 
Figure 3 The serum iron slowly increased to 
approximately twice its basal level, remained at 
that comparatively high figure for several hours, 
and then began to fall slightly by the time the 
expenment was terminated The nse of iron in 
the lymph, however, was not nearly as great, and 
occurred much more slowly It is interesting to 
note that the total amount of lymph collected in 
the 6 hours of observation was only 161 cc and 
that the total increase of iron m the whole of that 
volume was not as great as the increase m 100 
cc of serum at the height of the serum iron ab- 
sorption curve 

The delayed increase in lymph iron is not diffi- 
cult to explain since lymph drains the intercellu- 
lar flmd and the latter is supplied, m part at least, 
from the blood stream It is natural, then, to 
expect that a nse in serum iron would be reflected 
by a nse of that metal in the lymph Expen- 
mental confirmation of that postulate was ob- 
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tamed by injecting iron mtravenously mto dogs 
after the thoraac duct had been csumulated. 
Under these conditions the serxim iron was in- 
creased immediately to high levels (1 ragm per 
100 cc. or more) and fell slowly during the sub 
sequent 12 hours to approximate the pre injec- 
tion level. Iron in the lymph was increased 
withm half an hour, reached its maximum nsc at 
the end of 2 or 3 hours and then slowly began to 
fall (Figure 4) In no case did the nse m tho- 
raac duct lymph iron exceed 300 micrograms per 
cent These expenraents serve to show rather 
conclusively that resorption of iron from the in 
testinal tract occurs directly mto the blood stream 
rather than by way of the mtermediatc route of 
the intestinal lymph channels 

Rate of disappearance of iron from the blood 
stream 

Before contmuing further, it was obviously 
necessary to know something about the rate at 
which iron disappears from the blood stream* 
Starkenstem and Weden (34a) and Barkan (35) 
have shmvn that when iron is added to whole 
blood tn xniro, all of the added iron can be recov- 
ered from the serum portion We have demon 
strated that when iron salts are mjected intra 


venously, the only blood iron fraction to show an 
mcreasc is the serum iron fraction* In order to 
obtam information as to the rate of disappear- 
ance of added iron from the scrum therefore, 
sufficient quantities of various iron salts were in- 
jected into dogs to provide one milligram of the 
metallic metal per kilogram of body weight The 
salts were Srst dissolved m water and then di- 
luted with several parts of normal sahue and m 
jected slowly mto one of the leg veins Serum 
samples were collected immediately before the 
injection, and 5 mmutes 1 hour, 3 hours 5 hours, 
8 hours and 12 hours after the admimstration 
The ammals were kept anesthetired throughout 
the expcnmental penod 
As IS obvious from Figures 5 and 6 one milli- 
gram of iron per kilogram of body waght given 
intravenously in the form of a soluble salt was 
suffiaent to increase the level of scrum iron from 
an imbal value of about 02 mgm per cent to 
from 12 to 1.5 nigra per cent The subsequent 
fall was a gradual one so that about 12 hours were 
required before the basal level was again approxi 
mated There was apparently no difference in 
the rapidity with which feme iron given as a 
simple (feme chlonde) or combined (feme am 
momum sulphate) salt was removed (Figure 5) 
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When colloidal feme hydroxide was used, how 
ever, the immediate rise was comparatively small 
and the rate of disappearance rapid enough to 
be complete within 10 to 13 mmutea. This re 
suit is not surpnsuig ance it has been known 
for a long tune that colloidal feme hydroxide is 
taken up by the rebculo-endothehal cells (36 
37) In a number of animals the fall m serum 
iron foUowmg the admmistration of comparable 
amounts of soluble ferrous and feme iron to 
the same animal was followed (Figure 6) In 
each instance, irrespective of whether simple or 
combined salts were used, the haght to which the 
serum iron values rose was less with the ferrous 
salts than with the feme The explanation for 
this phenomenon is not clear, sfnee Sfarkensfem 
and Harvalik (38) have shown that ferrous iron 
IS almost immediately oxidized to the feme state 
on contact with whole blood 

Height of serum iron response compared rtnth 
amount of iron administered 
The most obvious objection to the use of the 
serum iron increase as an index of intestinal ab- 
sorption of iron is that iron is a protein preapi 
tant and for that reason may cause enough m- 
juiy to the intestinal mucosa to permit a portion 


of the large amounts administered to pass through 
mto the blood stream In order to test the va 
hdity of this objection and to establish at the 
same time the sue of the dose that could best be 
used for future compansons, several observations 
were performed on the relationship between the 
height of the serum iron increase and the size 
of the iron dose In one such instance the sub- 
ject being a young male with normal gastric aad 
ity single doses of feme sodium abate were 
given on each of 4 different observahon days in 
quanbbes that supphed successively 27, 5 4, 8,1, 
and 107 mgm. of iron per kilogram of body 
weight (Figure 7) Serum specimens were col 
lected immediately before the iron was ingested, 
and at approxunateJy 1 2%, 5 8, and 12 hours 
thereafter This routme of blood collecbon was 
followed for all the studies made on human pa 
tients except that the 12 hour specimen ivas oc- 
casionally omitted The response to 27 mgm. 
of iron per kilo was approximately one half the 
response to 34 mgm and one-third of that to 
8.1 mgm per kilo With the largest dose 107 
mgm per kilo, considerable abdominal discom- 
fort was expenenced and a diarrhea developed 
within a few hours It is mtereshng to note that 
the maximum increase above the miUal level fol 
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Summary of Serum Iron Reipowi 



Ferroui Iron qlv«n oa ferrous ammonium sulphate 
Feme iron given os fernc ammonium sulphali 
*0a5tnc distrws, abdominal cramps and diarrhea follcwmg odmimstraticn. 

Fic. 8, IncKEAfiES IN Sqom I*ok Valuxs FoLLomjfo OtAL AruDnsTXATroN or Febbot* 
AND Feibic AiiMOKnm Sulphate in a "Noemal” Subject 


Comparison of the serum iron absorption curves 
produced by various of the water soluble 
ferrous salts 

Starkenstein m 1928 (39) si^gcsted that both 
ferroua and feme iron were absorbed from the 
mtestinal tract and that ferrous sulphate was re 
sorbed less readily than was ferrous chloride. 
The anion was thought to be the determining 
factor in causing the differences In rate of ab- 
sorption Wallbach (40) using a histological 
technique, came to essentially the same conclu- 
sion that the amon to which iron was bound was 
of greater importance than solubility of the salt 
or rhrmi rnl properties of the me t al h c portion of 
the molecule. 

This question seemed an ideal one for study 


by means of serum iron absorption curves. Com- 
parable amounts of vanous ferrous salts wen 
given to a number of subjects both with anc 
without normal gastric aadity Ferrous chlor- 
ide, ferrous cevitamate ferrous gluconate fer 
rous carbonate and ferrous ammomum sulphate 
were found to give serum iron rises comparabh 
to those produced by ferrous sulphate both m m 
dmduals with a normal amount of free HQ ir 
their gastnc contents and in those with a his 
taminc refractory achlorhydna (Figures 9 10 
12 13) The relatively insoluble ferrous phos- 
phate, on the other hand caused no appreaable 
change m serum iron values (Figure 14) 
Thoenes and Aschaffenburg found that ferrous 
chlonde and a ferrous preparation known aa 
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Fig 7 Rise in Seeum Iron Values Following 
Single Oral Doses or Ferric Sodium Citrate in a 
"Normal” Subject 


lowing this amount was no greater than it had 
been after the 8 1 mgm dosage It is probable 
that the increased intestinal irntation was attended 
by increased motility so that the iron was swept 


along the absorbing portion of the small intestine 
at a rate that ivas too rapid to permit of optimum 
absorption 

A similar set of observations is tabulated m 
Figure 8 The subject was again a young male 
with normal gastric acidity and undisturbed ery- 
thropoiesis He was given successively 2, 4, and 
6 mgm of iron per kilogram of body weight as 
feme ammomum sulphate on each of 3 days, and 
comparable dosages of ferrous ammomum sul- 
phate on 3 additional days With both valence 
forms, the response to the 4 mgm per kilo dose 
was approximately twice that to half the amount 
The lai^est dose of iron, however, again caused 
considerable gastnc distress and abdominal 
cramps, and again the serum iron increase ivas 
not directly proportional to the quantity given 
The nse in serum iron following any given iron 
admimstration, therefore, is apparently roughly 
proportional to the amount of the metal admin- 
istered, up to that point at which the intestinal 
irntation becomes great enough to alter motihty 
and to interfere with the absorptive process 

Relative constancy of senm iron rise produced by 

ingestion of identical amounts of ferrous 
sulphate in the same subject 

As another control of the apphcabihty of this 
method to the study of iron absorption, it was 
necessary to determme how constant the serum 
iron increase produced by a given dose of iron 
might be in any particular subject The individ- 
uals who volunteered for this study were afebrile 
and in apparent hematologic equihbnum Fer- 
rous sulphate was arbitrarily chosen as the salt 
to be used and was g^iven in identical amounts on 
each of 3 or 4 different observation days The 
absorption curves produced closely paralleled 
each other in every subject (Figures 9, 10, 12, 
13, 19) and were used as a standard of reference 
for companng the relative degrees of absorption 
produced by other iron salts or by ferrous sul- 
phate under the influence of certain specific fac- 
tors to be described later In order to make such 
a comparison easier, the limits of variation in re- 
sponse to these several administrations of ferrous 
sulphate were drawn as stnated areas on the 
subsequent charts 
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SKjmmary of Serum Iron Re&ponaei 



Ferrouo Iron qiven w jernxis ammonium sulphate 
Feme Iron {Jtven as ferric ammordum a^phale 
^Gastric distress abdominal crainps and diarrhea tcflcwir?} adrrdmstratioa 

Fio. 8. Ikcsrascs nr Scsiru Ikon Valuxs Following Okal AounntTKA'nDN or Fojcoua 
AKO Fmrc Aumoktou Sulthati in a ** Kokmal Subjict 


Coinpanscni of the serum tron absorption airves 
y^rodiicrd by tfonous of the water soluble 
ferrous salts 

Starkcnetein in 1928 (39) sugg^ed that both 
ferrous and feme iron were absorbed from the 
intestinal tract and that ferrous sulphate was re- 
sorbed less readily than was ferrous chlonde 
The anion was thought to be the determining 
factor in causing the differences in rate of ab- 
sorption. Wallbach (40) using a histological 
technique came to essentially the same condu 
slon that the anion to which iron was bound was 
of greater importance than solubility of the salt 
or chenucal properties of the metallic portion of 
the molecule. 

This question seemed an ideal one for study 


by means of serum iron absorption curves Com- 
parable amounts of various ferrous salts were 
given to a number of subjects both with and 
without normal gastne aadity Ferrous chlor- 
ide ferrous ccvitamate, ferrous gluconate, fer- 
rous carbonate, and ferrous ammomum sulphate 
were found to give serum iron rises comparable 
to those produced by ferrous sulphate both m m- 
dividuals with a normal amount of free HQ in 
their gastne contents and m those with a his 
tamme refractory achlorhydria (Figures 9, 10, 
12 13) The relativdy insoluble ferrous pbos 
phatc on the other hand caused no appreaable 
change in scrum iron values (Figure 14) 
Thoenes and Aschaffenburg found that ferrous 
chlonde and a ferrous preparation known as 
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Fic 9 Sebum Iron Increases in an Adult Male with a Hypochromic, Microcytic Anemia and Normal 
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Fig 10 Comparison of Sebum Iron Curves Produced by Comparable Amounts of Various 
Ferrous Salts in a Subject with Normal Gastric Acidity and Normal Hematological 
Findings 
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" ferrostabil ” (stabilized ferrous chlonde) were 
capable of producing greater serum iron increases 
than was terrum reductum in comparable 
amounts (27) These results suggest that ease 
of ionisation of the ferrous salts, under those 
conditions of acidity or alkalinity which prevail 
in the gastro-mtestinal tract is the important fac 
tor in determming their relative rates of absorp- 
tion The nature of the anion, except as it in 
fluences this factor, would seem to be relatively 
unimportant. 

Compartson of serum iron dbsorpUon curvet pro- 
duced by cmnparable amounts of ferrous and 
feme salts of the same anion 

There is an mcreasmg volume of experimental 
evidence which tends to indicate that iron is 
absorbed from the upper portion of the small 
mtestme as ferrous iron (32, 34b, 41 42) That 
the evidence is not entirely convmang is indi- 
cated by recently expressed dissenting views (15, 
18 22) However, the concept is in accord with 
the repeatedly demonstrated clinical fact that re 
missions from iron defiaency anemias, in the 
human at least can he produced by smaller 
amounts of soluble ferrous salts than of soluble 


feme preparations (for bibbography, consult 
review by Heath and Patek — reference 11) 

In order to study the question further, serum 
iron mcreases produced by the oral administration 
of comparable amounts of ferrous and feme salts 
of the same anions were determined Heilmeyer 
and Plotner m 1936 (28a) reported that much 
greater rises m serum iron were observed fol 
lowing the ingestion of ferrous iron than of sim- 
ilar quantities of ferric. In the great majority 
of instances, we obtained the same result Rises 
in serum iron effected by feme salts were nther 
neghgible or definitely lower in the quantities 
used than those obtained following ferrous prep- 
arations (Figures 11, 15, 16 21) The data 
charted m Figure 12 serve as an excellent ex- 
ample of these findings and permit comparison 
of the curves for both simple (ferrous and feme 
sulphate) and combmed (ferrous and feme am 
momum sulphate) salts It is interesting to note 
that 12 mgm of iron per kdogram of body 
weight as iron and aminonmra atrate were neces 
sary to produce an mcrease in the serum iron 
curve comparable to that produced by one third 
the quantity of iron as ferrous sulphate. 

Occasionally, however, responses followmg 
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ference m the degree of absorption produced at 
different times by identical amounts of the same 
feme salt is not immediately obvious unless it 
is assumed (J) that it is necessary for feme 
iron to be reduced to the bi\'alcnt state before it 
can be absorbed and (2) that there was a cor 
respondmg variation m the reduction potentiab 
ties of the small mtestine at the time of these 
3 tnals 

The fact that ferrous salts produced higher 
nscs in serum iron than were usually observed 
following the oral admimstration of comparable 
amounts of corresponding feme salts adds fur- 
ther weight to the conviction that iron is ab- 
sorbed from the intestinal tract m a bivalent 
form- The following observations were even 
more convinung To a number of subjects who 
had failed to show an increase in serum iron 
foUowmg feme salts, the iron administration was 


supplemented with other 1 0 gram of cevitamic 
acid or 1 5 grams of sodium formaldehyde sul 
phoxylate as reduang substances Invariably a 
good response was obtained the height of the 
curves occasionally being higher than those pro- 
duced by the ferrous salt of the same anion 
(Figures 15 16) This latter observation led 
us to compare the degree of absorption of fer- 
rous salts when given alone with that which oc 
curred when they, too were snpplcmentcd with 
one of the reducing substances just mentioned 
Usually, the serum iron increase was greater with 
cc>Ttainic aad or sodinm formaldehyde sutphoxyl 
ate than without rt Negative results were obtamed 
on several patients with bvo other reduang sub- 
stances glutathione m half gram doses (Figures 
18, 19) and methylene blue m gram amounts 
Cysteine was not tned The effectiveness of 
cevitamic aad in increasing absorption of feme 
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Fig 12. Comparison of Serum Iron Curves Produced by Comparable 
Amounts of Various Iron Salts in a Subject with Normal Gastric 
A dDiTY and Normal Hematological Findings 


ferric iron administration were equally as good 
as those which followed ferrous iron One ex- 
ample of that finding has already been presented 
m Figure 8, another is recorded m Figure 17 
Of particular interest m this respect are the ob- 
servations on N J T, a white male, 49 years 
of age, who had a histamine refractory achlor- 
hydria (Figure 13) He was given feme chlor- 
ide on each of 2 days The ahsorpbon curves 
produced agreed well with each other and were 
definitely lower than those produced by compar- 


able dosages of ferrous sulphate, ferrous chloride, 
or ferrous ammomum sulphate When feme 
ammonium sulphate was used, however, there was 
practically no nse in the serum iron level dunng 
the first day, as great a response as was produced 
by the ferrous salts dunng the second, and a 
moderate increase dunng the third day of obser- 
vation The patient had been permitted to take 
a breakfast of one piece of toast and one cup of 
black unsweetened coffee two hours before each 
of the tests was begun The reason for the dif- 
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the organism It is to be emphasitcd again that of food iron (32, 41, 42 48 49 50), there is 

the failure of a particular iron preparation to some dispirtc as to its effect upon the absorption 

cause an increase in the scrum iron level docs not of metallic iron salts m therapeutic doses Met 

necessarily mean that none of the metal was ab- tier and Mmot (51) obtained a greater reticu- 

sorbed such a result mdicates only that the rate locyte peak when feme ammomum atrate was 

and d^ree of absorption were not great enough given to patients with a hypochromic anemia in 

to add iron to the blood stream more rapidly than an aad buffered solution than when given in an 

the combmed organs of storage, utilization and alkali buffered medium The observation was 

excretion could remove it confirmed by Heath (17) and by Mmot and 

Heath (52) Brock and Taylor (53) and Lint 
Effect of gastnc acidity on the serum tron re ^ 32 ^ shown that the dialysis of soluble 

sponses to oroJly adtntntsiered ferrous inorganic iron salts is hastened by the addition 

and feme salts of small amoimts of dilute mineral aads and 

While it 13 generally admitted that normal gas hmdered when the solutions are made weakly al- 

tne aadity is necessary for optimal asstmflation kaiine. These findings are in accord with those 
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salts m patients wth achlorhydria had previously 
been noted by Heilmeyer (43), who thereupon 
introduced ferrous cevitamate as a useful form 
of bivalent iron for therapeutic use It is rea- 
sonable to postulate that, in the case of ferrous 
salts, cevitamic aad and sodium formaldehyde 
sulphoxylate aid in preventing partial conversion 
to the feme state , and, in the case of feme salts, 
aid the reduang mechanisms of the small intes- 
tine to make reduction more complete 

When the relatively insoluble feme phosphate 
was given by mouth, no increase in serum iron 
occurred (Figure 14) It has already been indi- 
cated that the same was true for ferrous phos- 
phate 

These results add confirmatory data to the mass 
of expenmented and climcal evidence already ac- 
cumulated which indicates that iron is absorbed 
from the intestinal tract more readily, if not en- 
tirely, in the bivalent state Serum iron absorp- 
tion curves were higher as a rule following the 


ingestion of ferrous salts than of feme. Fre- 
quently, the latter failed to cause any detectable 
rise in the serum iron fracbon whatever This 
decreased effectiveness of the feme salts is in 
accord wth the idea that highly lomzed feme 
compounds are changed rapidly in the neutral or 
alkalme medium of the upper small intesbnes 
(44) into insoluble feme hydroxide and other 
insoluble or non-diffusible feme compounds (45, 
46, 47) Certain reduang substances, notably 
cevitamic aad and sodium formaldehyde sulphox- 
ylate, when given orally along ivith iron, in- 
creased the haght of the serum iron curves as 
produced ather by ferrous or feme iron This 
suggests that m those instances in which feme 
salts caused an appreaable increase in serum iron, 
the reduang mechanisms in the small intestine were 
effiaent enough to effect a reduebon to the fer- 
rous state before great quanbbes of the ingested 
compound had been converted to non-iomzable 
forms, and hence removed from availabihty to 
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Fig 14 Serum Iron Values Following Oral Ingestion of Single Doses of Ferrous 

AND Ferric Phosphate 
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in subjects with achlorhydria (Figure 16) just 
as m patients with normal aadity The effects 
with feme salts were occasionally less dramatic 
(Figure 16) Attention is called to the fact that 
the amounts of iron used m these tests were rela- 
tively large. 

The apparent discrepancy between our results 
and those of Hcilmeyer and Plotner can readily 
be explained These latter workers used reduced 
iron, a form which must be dissolved and lomted 
in the gastro-intestmal tract before it can be ab- 
sorbed. Free hydrochlonc aad in the gastric 
contents undoubtedly aids that process In this 
respect, the role which gastnc aadity plays is 


similar to that for food iron "We, on the other 
hand, used highly ionised water soluble salts 
The effect of gastnc aadily on these preparations 
is apparently to delay the formation of insoluble 
compoimds (at a pH above 5) until they are 
brought mto contact with the reducing forces of 
the small intestine. The salts we used however 
were not only aad m reaction but were used in 
such comparatively large amounts that thty al- 
most certainly reached the small intestine before 
neutralization had taken place For this reason 
this method of studying iron absorption the 
scrum iron curve tedinic is probably not particu 
larly apphcable to the analysis of the role which 
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of Halvorsen and Starkey who, working with 
pure solutions of iron, noted that at a pH above 5 0 
only small concentrations of ferrous, and still 
smaller concentrations of feme, iron are present 
in solution (45) It has been emphasized that 
the normal aadity of the stomach and duodenal 
contents is favorable to the formation and preser- 
vation of ferrous ions m solution and delays the 
change into insoluble or undissoaated, particu- 
larly feme, compounds (32, 41, 42, 46, 47) 
Nevertheless, good hematologic responses are con- 
stantly observed following iron therapy for hy- 
pochroimc anemia in individuals with complete 
anaadity, and Barer and Fowler (50) obtained 
as much retention of iron, when the intake was 
high, m patients with an achlorhydna as in those 
with normal gastric aadity 

The problem has already been studied in part 
with the serum iron absorption curve technic by 
Heilmeyer and Plotner (28a) These workers 


noted that when 1 gram of reduced iron ivas 
given orally, practically no increase in serum iron 
occurred in patients with achylia gastnea while 
an appreaable nse ws observed in normal sub- 
jects Our investigations have, for^ the most 
part, yielded negative findings The height of 
tlie absorption curves produced by the ingestion 
of ferrous salts was usually as great m individ- 
uals with achlorhydria as in those with normal 
gastnc aadity (Figures 11, 13) , occasionally, a 
smaller nse was obtained (Figure 16) As with 
normal subjects, feme salts produced significant 
serum iron increases in rare instances when ach- 
lorhydna was present (Figures 13, 17) Ad- 
dition of 100 cc of 0 1 N HCl to the iron just 
before its admimstrabon failed to increase the 
haght of the absorption curve (Figure 17) If 
ather sodium formaldehyde sulphoxylate or 
cevitamic aad was given just pnor to the iron, 
increases in the serum iron curves were obtained 
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m subjects with achlorltydna (Figure 16) just 
as m patients with normal aadity The effects 
with feme salts were occasionally less dramatic 
(Figure 16) Attention is called to the fact that 
the amounts of iron used m these tests were rela 
tivcly large. 

The apparent discrepancy between our results 
and those of Halmcyer and Plotner can rcadfly 
be explained. These latter workers used reduced 
iron, a form which must be dissolved and ionized 
in the gastro-intestinal tract before it can be ab- 
sorbed Free hydrochlonc aad fn the gastnc 
contents imdoubtedly aids that process In this 
respect, the role which gastnc aadity plays is 


siimlar to that for food iron. We, on the other 
hand, used highly lomred water soluble salts 
The effect of gastnc aadity on these preparations 
is apparently to delay the formation of insoluble 
compounds (at a pH above 5) until they are 
brought mto contact with the reduang forces of 
the small mtestine The salts we used ho w e ve r, 
were not only acid in reaction but were used in 
such comparatively large amounts that they al 
most certainly reached the small mtestme before 
neutralization had taken place. For this reason 
this method of studying iron absorption by the 
scrum iron curve techmc la probably not particu- 
larly appbcablc to the analysis of the role which 
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gastnc aadity plays under condibons of more 
moderate intake 

Effect of various miscellaneous substances on the 
height of serum iron absorption curves 

It has been suggested in the recent hterature 
that a number of substances have, m the presence 
of iron, an additive effect upon hemoglobin pro- 
ducbon Patek and Mmot (54) described retic- 
uloc3de responses to the oral administration of 
bile pigment following a period of iron medica- 
tion in patients wth hypochromic microcytic 
anemia A sirmlar effectiveness for chlorophyll 
and some of its denvabves was demonstrated by 
Patek (55) These observabons were inter- 


preted as suggesbng that the body can use pre- 
formed pyrrol compounds for the building of 
hemoglobin, no evidence was obtained to indi- 
cate that these substances augmented iron ab- 
sorpbon To test that possibihty bile pigment, “ 
chlorophyll, and sodium chlorophylhn were given 
orally along with ferrous sulphate or feme so- 
dium atrate to several individuals, and the serum 
iron curves followed No increase was noted in 
the height of the curves over that produced by 
the same amoimt of the iron alone (Figures 17, 
18, 19) 

Barker and D K. Miller admimstered orally 

® The bile pigment used was supplied through the 
courtesy of Dr George Mmot, Boston. 
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the secondary anemia liver fraction of Whipple with ferrous sulphate to several patients The 
and his coworkers to 11 patients with chronic nse m serum iron produced by this joint admims- 
hypochromic microcytic anemia (56) They con tration was no greater than that which occurred 
eluded that ‘ it appears likely that the liver following the mgcstion of the iron salt alone (Fig 
fraction contains reticulocytogcnic material apart ures 18 19) 

from Its iron content, and considered it “con- Heath Minot, Pohle, and Alstcad found that 
ceivable that this liver fraction may improve the when iron in small doses was administered wth 
absorption or utilization of iron We obtamed relatively large amounts of mucm to cases of 
as had Barker and Miller, the hver fraction chrome hypochromic anemia, its absorption from 
Number 55 without added iron from EU Lilly the intestine was inhibited (57) These workers 
and Company and gave 10 grams of it by mouth intentionally used small doses of iron because it 
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^vas felt that if large doses had been given, no 
inhibiting effect of muan would have been de- 
monstrable As has already been emphasized 
many times, with the serum iron absorption curve 
techmque it is necessaiy to use relatively lai^e 
amounts of iron Accordingly, when the effect 
of 5 grams of “ gastnc mucm ” ° on the absorp- 
tion curve produced by ferrous sulphate ^vas de- 
termined, the amount of the salt used was equiva- 
lent to 4 mgm of iron per kilogram of body 
weight No alteration in the shape or height of 
the curve was noted (Figure 18), a fact which 
confirms the prophesy made by Heath and his 
coworkers 

The effect of food on the absorption curve of 
ferrous sulphate was studied in 5 subjects, all of 
whom had satisfactory serum iron increases when 
the salt was given after an 18-hour fast A break- 
fast of cereal and cream, 2 eggs, 2 stnps of bacon, 
2 pieces of toast, 1 glass of milk, and 1 cup of 
coffee was given either immediately before, or 
immediately after, the ingestion of iron Two 
patients, one with normal gastnc aadity and the 
other with a histamine refractory achlorhydna, 
developed no sigmficant increase in serum iron 
over the basal level Two individuals, both with 
achlorhydna, had a distinct nse m serum iron — 
but not to the same degree as had occurred fol- 
lowing ferrous sulphate alone The fifth subject, 
a male with normal gastnc aadity, had as great 
an increase with the food as without it The 
reason for this vanation in results is not clear 
It made no difference whether the breakfast was 
eaten immediately before, or after, the iron was 
taken It may be that in the presence of food, 
conditions are npe in the gastro-intestmal tract 
for the formation of insoluble and undissoaable 
iron compounds The conclusion is justified that 
in some individuals, at least, food interferes with 
the optimal absorption of iron 

Analysis of the question of selective vitestinal 
absorption of iron 

Statement has already been made of the fact 
that Hober (31), Lintzel (32), and Fontes and 
Thivolle (33) consider the body capable of as- 
sinulatmg or rejecting iron by a process of se- 

« Obtained from Fredenck Steams and Company, De- 
troit 


lective intestinal absorption In the presence of 
an iron defiaency, therefore, more iron should 
be absorbed than under normal arcumstances 
Heilmeyer recently studied the serum iron ab- 
sorption curves produced following the ingestion 
of 1 gram of ferrum reductum in 2 cases of 
chrome hypochromic anemia before and after 
therapy (58) Both of his patients secreted ade- 
quate amounts of free hydrochlonc aad after an 
alcohol test meal In each instance, there was 
very little evidence of absorption before therapy 
was begun, while, after an iron induced remis- 
sion had been produced, the serum iron increases 
were large In contrast to these results are those 
recently reported by Hahn and his assoaates 
(26) These latter investigators fed feme chlo- 
ride or feme sulphate containing iron in a radio- 
active form to normal dogs and to dogs with an 
iron defiaency They concluded from increases 
in serum, organ, and whole blood iron that " iron 
IS absorbed only m traces by the non-anemic dog 
but in abundance by the anemic dog depleted of 
its iron ” (26, page 2285) 

We have studied several individuals m a simi- 
lar manner and have obtained divergent results 
The serum iron increases which followed the oral 
admmistrabon of ferrous sulphate were deter- 
mined in these patients with hypochromic, mi- 
crocytic anemias both before and after therapy 
One type of response is illustrated by the data 
obtained on G W , an adult male with normal gas- 
tnc acidity (Figure 9) When the iron defi- 
aency was marked, an increase in serum iron 
from 002 mgm per cent to approximately 0 30 
mgm per cent occurred , after a prolonged penod 
of iron medication, the nse was only from 0 103 
mgm per cent to 0213 mgm per cent This 
finding is in accord with that noted by Hahn and 
his coworkers However, there was an occasional 
patient who showed similar serum iron inaeases 
throughout the whole course of the disease One 
of these individuals was a yoimg girl who had 
developed her state of iron defiaency as a result 
of excessive utenne bleeding secondary to es- 
sential thrombocytopenic purpura (Figure 20) 
Her utenne bleeding was successfully controlled 
dunng the penod of study by the use of “ antui- 
tnn-S " Iron was given m therapeutic amounts 
and the hypochronua of her red blood cells cor- 
rected before splenectomy was performed Ab- 
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sorptjon was studied by scrum iron curves (I) were essentially the same at all 4 times It is 
before therapy (2) one week after iron inedica- difficult to correlate tins type of result with the 
bon was begTon (3) after the mean corpuscular selective absorpbon hypothesis unless it is as 
hemoglobin concentrabon of the erythrocytes sumed that, during the iron deficiency periods of 
had returned to the normal range, and ( 4 ) near study, the iron absorbed into the sennn is removed 
the end of the convalescent period following at an abnormally rapid rate by the iron hungry 
splenectomy The increases above the basal level o^ans of storage and ufalixabon 
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In the second paper of this senes (2, page 630), 
it -was pointed out that 3 patients had failed to 
show serum iron increases following orally ad- 
ministered amounts of iron that were consider- 
ably in excess of the quantities used in the pres- 
ent study "AH three of these patients were 
acutely ill at the time the observations were made 
Any reason otherwise for their failure to respond 
IS not at present apparent ” A re-analysis 
of the data from these 3 individuals reveals that 
the first 2 had myelophthisic anemias with marked 
hypoplasia of the er 3 ithrocytogemc elements m 
the bone marrow , the third had pemiaous 
anemia In all 3 the basal serum iron values 
were high, and in all 3 the iron storage depots 
were probably well supplied This suggested that 
perhaps we were dealing m these instances with 
other examples of selective iron absorption, and 
that the serum iron values failed to show an in- 
crease because the intestinal mucosa was func- 
tioning by rejecting the iron In order to test this 
possibihty further, serum iron absorption curves 
were followed m 5 other patients with addisoman 
pcnuaous anemia both before therapy and after 
hver induced remissions Either ferrous chlo- 
nde or ferrous sulphate was selected for admm- 
I istration The data presented in Figure 21 are 


illustrative of the findings obtained in all cases 
no serum iron increases occurred dunng the re- 
lapse phases of the disease , but after the periph- 
eral blood level of erythrocytes and hemoglobin 
had been raised to normal with liver extract, 
stnking increases were noted On one of the pa- 
tients, N J T , a 49-year-old white male, 3 sets 
of observations were made (Figure 22) (1) be- 
fore therapy, (2) at the height of the reticulocyte 
response to liver medication, and (5) after re- 
mission was complete It is interesting to ob- 
serve that at the time of the reticulocyte response 
the serum iron curve rose practically as much as 
at the time of the final penod A similar study 
ivas made on Pabent R R , a white woman in late 
middle life who had the classical mamfestations 
of the disease (Figure 23) This pabent is of 
parbcular interest since the rebculocgitosis which 
occurred was induced by the ingesbon of large 
amounts of unautolyzed yeast, a regime that was 
undertaken to confirm the report of Wmtrobe 
(59) The second observabon on this pabent 
was made at the bme of the upswing m the rebc- 
ulocyte curve, the serum iron nse was defimte, 
but less than that which occurred several days 
later after the peak of the reticulocytosis Two 
subsequent increases after further therapy agreed 
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well m order of magnitude with that observed at when it was observed that several patients with 
the height of the reticulocyte response. These advanced carcmomatosis and one during the 
findmgs are not too readily explamed on the basis terminal phases of chrome glomerular nephnhs 
of selective intestmal absorption of iron. At the tailed to develop an mcrease m serum iron fol 
time of the reticulocyte response the storehouses lowing ferrous sulphate m spite of the fact that 
m these patients must undoubtedly have had an their imhal levels were normal or subnormal It 
adequate supply of iron still retained However, may be, therefore, that this absorptive difficulty 
because of the increased synthesis of hemoglobin is common to all patients who are critically ill at 
in the bone marrow (2) the fasting serum iron least no absorptive increases in serum iron have 
level had returned to normal or below normal ever been demonstrated in cntically ill inchvid 
values It may be that that change in the physio- uals. Groen (60), m addition, has reported that 
logical eqmlibnum was suffiaent m itself to stim glucose is absorbed less readily by patients with 
ulate the mtestinal mucosa to begin again its penuaous aneima while in relapse than when in 
process of assuralating iron It is mteresting to remission The change in absorption produced 
note m this coimection that the height to which by liver extract may, therefore, be a general 
the serum iron values rose m the absorptive phase rather than a speafic one. 
after liver therapy was rarely higher than the Two pertineitt observations have been made 
fasting serum iron level had been during relapse. (I) at least some patients with iron defiaendes 
A serious objection to this explanation arose have greater proportionate serum iron increases 
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to the same amount of soluble iron salts than do 
normal individuals, and (2) patients with per- 
luaous anemia m relapse fail to show any re- 
sponse of the serum iron fraction to orally ad- 
mmistered iron salts during relapse but have 
good increases after speafic therapy has been m- 
sbtuted These facts are compatible wth the 
concept of selective intestinal absorption of iron, 
but offer no conclusive proof that the intestmc 
actually possesses that abihty 


SUMMARY AND CONCLUSIONS 
Comprehensive reviews of iron metabohsm 
which include an analysis of the investigative ap- 
proach to the problem of iron absorption have 
been made recently by Robscheit-Robbins (61), 
McCance and Widdowson (19), Hahn (18), and 
Heath and Patek (11) The present investiga- 
tion directs attention to the fact that, since serum 
iron has been demonstrated to be transport iron 
(2, 4, 28b), a new objective approach to the study 
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of iron resorption from the gastro intestinal tract 
IS available m the measurement of serum (trans- 
port) iron mcreases following the oral admims 
trahon of iron in various forms It has been 
emphasised that serum iron is influenced by a 
number of physiological factors some of which 
affect Its removal from the blood stream The 
method therefore, does not measure the total 
amount of absorption but rather the fact and 
the degree of absorption. It is apphcable to the 
comparative study of serum iron responses in the 
same individual to different forms of iron under 
varying gastro-mtestinal conditions, and in con- 
trasting states of hematopoietic activity With its 
use we have demonstrated that 

1 Absorption of iron from the gastro-intes- 
tinal tract ivas reflected directly by an mcrease m 
serum iron and not through an intermediate nse 
in the iron of the thoraac duct lymph 

2 The disappearance of intravenously injected 
soluble iron salts from the blood stream occurred 
slowly during a period of hours 

3 The height of the serum iron mcrease fol 
lowing the ingestion of iron was directly propor- 
tional to the quantity given up to that point at 
which intestinal imtabon was great enough to 
mterfere materially with mtestinal motility 

4 When identical amounts of ferrous sulphate 
were given to any subject in hematologic eqmh- 
bnum, the serum iron curves produced closely 
paralleled each other 

5 Water soluble, highly ionised ferrous salts 
produced comparable increases m serum iron 
values when given in proportionate amounts to 
patients with either an achlorhydria or normal 
gastnc aadity These findings suggest that the 
ease of ionisation of ferrous salts, under those 
conditions of aadity or alkalmitv present in the 
gastro-mtestinal tract, is the important factor m 
determirang thar relative rates of absorption 
The nature of the anion, except as it influences 
this factor, would seem to be relatively unim- 
portant 

6. In the majonty of instances, the serum iron 
absorption curves were higher following the m 
gestion of ferrous than of feme salts. When 
feme salts were given to subjects along with 
relatively large amounts of either cevitamic aad 
or sodium formaldehyde sulphoxylate, the serum 


iron responses were uniformly as good as those 
produced by ferrous salts of the same amon 
These two reduang agents were likewise fre 
quently capable of increasing the nse obtamed 
following the ingestion of ferrous preparations 
These findings are presented as additional evi- 
dence for the conviction that iron is absorbed 
largely, if not entirely, in the ferrous form 

7 Differences m gastnc aadity exerted no 
measurable effect on the serum iron absorption 
curves following the oral admimstration of fer- 
rous or feme salts It is suggested, however 
that such large amounts of the vanous iron salts 
were used that their own aadity was sufBaently 
great to overcome the effect of naturally occur- 
nng hypochlorhydna in delajnng the formation 
of insoluble and undissoaated iron compounds 
which may occur above pH 5 

8 No mcreases m serum iron were obtained 
following admmistration of the insoluble ferrous 
and feme phosphate. 

9 When subjects were permitted to take food 
just pnor to, or immediately following the mges 
tion of iron salts there was observed frequently, 
but not constantly, a smaller nse in the serum 
iron than occurred under fasting conditions 

10 Bile pigment, chlorophyll and its denva- 
tives the secondary anerma liver fraction, and 
gastnc muan, under the conditions of these ex- 
penments, failed to alter the haght or character 
of the serum iron absorption curves produced by 
ferrous sulphate. 

11 Patients with an iron defiaency anemia fre- 
quently showed evidence of greater absorption of 
iron before therapy than after they had been ade- 
quately treated On the other hand, patients 
with addisoman permaous anemia in relapse 
showed no demonstrable mcrease m their already 
higher than normal serum iron values when fer- 
rous salts were given orally , following a liver in 
duced remission, however, normal absorption 
curves were readdy obtained These observa 
tions are compatible with the hypothesis that the 
intestinal mucosa may, under certain arcum 
stances and withm certain hmits, assimilate or 
reject iron according to the body’s need They 
do not however constitute conclusive evidence 
for this hypothesis 

From the data available m the literature and 
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to the same amount of soluble iron salts than do 
normal individuals, and (2) patients with per- 
maous anemia in relapse fail to show any re- 
sponse of the serum iron fraction to orally ad- 
mimstered iron salts dunng relapse but have 
good increases after speafic therapy has been in- 
stituted These facts are compatible with the 
concept of selective intestinal absorption of iron, 
but offer no conclusive proof that the intestine 
actually possesses that abihty 


SUMMARY AND CONCLUSIONS 
Comprehensive reviews of iron metabohsm 
which include an analysis of the investigative ap- 
proach to the problem of iron absorption have 
been made recently by Robscheit-Robbms (61), 
McCance and Widdowson (19), Hahn (18), and 
Heath and Patek (11) The present investiga- 
tion directs attention to the fact that, since serum 
iron has been demonstrated to be transport iron 
(2, 4, 28b), a new objective approach to the study 
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that which this communication presents, the fol- 
loiving picture of iron absorption may tentatively 
be constructed When ingested iron reaches tlie 
stomach, it is subjected to the influences of the 
prevailing aadity The free hydrochlonc aad 
normally present apparently has two functions 
(J) to lomze and dissolve iron not already pres- 
ent in solution nor in an ionized state, and (2) 
to delay the formation of insoluble and undissoci- 
ated iron compounds Since these form at a pH 
above 5 0, the change to them would tend to occur 
to some degree, at least, in the stomachs of pa- 
tients with achlorhydna When the iron is de- 
livered to the duodenum, it is subjected to two 
influences the alkaline intestinal juices and cer- 
tain reduang agents The latter tend to reduce 
any tnvalent iron to the ferrous form before the 
change to non-ionizable salts has occurred Iron 
is absorbed from the intestinal tract largely, if 
not entirely, as ferrous iron The degree to 
which feme salts are assimilated would seem to 
depend upon the capaaty of the intestinal con- 
tents to reduce them It is the consensus of opin- 
ion that absorption takes place largely in the 
upper portion of the small mtestme When iron 
IS absorbed, it passes directly into the blood 
plasma and is not to any extent collected by the 
intestinal lymph channels As more data are ac- 
cumulated, this working hypothesis based on in- 
formation now available will undoubtedly be 
altered and enlarged 
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cose intravenously and 15 units of insulin subcu- 
taneously 

The blood samples were analyzed by Abel’s 
(15) macro-method In our laboratory the re- 
covenes of known solutions of alcohol showed an 
average error of ±: 5 1 per cent The differences 
between duplicate analyses of the same blood 
samples in these expenments never exceeded 10 
per cent 


RESULTS 

The data are presented m Tables I and II 
Table I compares the observations on the un- 
treated controls and the group injected with 15 
umts of insulin subcutaneously It may be seen 
that the average amount of alcohol which disap- 
peared from the blood in 2 hours was independent 
of the onginal blood concentration In the mod- 
erately intoxicated group it was 48 zb 2 3 mgm 
per cent, while the severely intoxicated group 
showed an average reduction of 54 ± 2 0 mgm 
per cent This difference was not sigmficant 


TABLE I 

Observahons on untreated pattenls, and those injected with 15 
units of insulin subcutaneously (mtlligrants 
per cent of alcohoi) 



TABLE n 

Observations on patients treated iotth 50 cc of 50 per cent 
glucose, and vnth glucose plus 15 umts of insulin 
{milligrams per cent of alcohol) 
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Therapy with 15 units of insuhn had no effect on 
the disappearance of alcohol from the blood 
Both groups had an average fall of blood alcohol 
of 53 mgm per cent and statistical analysis re- 
vealed that the differences from the controls were 
not significant 

Table II is a summary of the patients injected 
with 50 cc of 50 per cent glucose intravenously, 
and those injected with the glucose plus 15 units 
of insuhn Patients whose blood alcohol concen- 
tration was less than 300 mgm per cent showed an 
average reduction of 49 ± 3 0 mgm per cent after 
treatment with glucose This was not signifi- 
cantly different from the control group The 
more severely intoxicated group treated with glu- 
cose had an average reduction of blood alcohol 
of 110 i 7 4 mgm per cent, a statistically sigmfi- 
cant increase over the control group Treatment 
with glucose and insulin resulted in a greater fall 
in blood alcohol in both the moderately intoxi- 
cated as well as the severely intoxicated patients 
The average reduction was 86 ±; 7 4 mgm per 
cent and 167 dt 9 7 mgm per cent in the 2 groups 
respectively 

The chmcal appearance of the patients treated 
with the vanous types of therapy presented 
marked differences Patients who were mjected 
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with 15 umts of insulin alone invariably showed 
slight sweating and a faU in temperature. Those 
who were mentally dear frequently complained of 
fcehngs of hunger about 2 to 3 hours after the 
mjection No significant changes were noted m 
the group treated with glucose alone The pa- 
tients treated with glucose and insulin recovered 
consaousness between 1^ to 2 hours after treat- 
ment and m some cases showed adequate motor 
coordinaticm within 4 to 5 hours In most of 
these cases a rational history could be obtained 
at the end of 2 hours 

DISCUSSION 

The oxidation of alcohol is of interest both 
from the purely physiological as well as the dim- 
cal points of view Most investigators have 
found that the oxidation of ingested alcohol is ac- 
celerated when food, espeaally carbohydrate is 
simultaneously oxidued In a previous pubUca- 
ton we have shown that the oxidation of alcohol 
in Vitro is in some way accelerated when glucose 
was oxidized in the same solutioo. Thus analogy, 
although suggestive, cannot be taken as proof 
smce the oxidative processes involved in no way 
resemble those in the annual orgamsm 

We found that the admimstration of glucose 
alone had a moderate effect on the rate of disap- 
pearance of alcohol in the severely intoxicated 
patients while the moderately ratoxicated group 
showed no change from the controls It was sug- 
gested that the alcohohe patients were in various 
states of undemutntion and could not oxidize the 
glucose given This seemed probable m view of 
the fact that Traugott (16) found that as little 
as a 3-day fast produced a marked diminution of 
sugar tolerance m humans We have examined 
the sugar tolerance in a group of patients similar 
to those reported in this paper In most cases 
there was an abnormal elevation of the tolerance 
curve, with a return to normal when they were 
tested one week later Dunng the week the pa- 
tients were maintained on a normal hospital diet 
(17) It is therefore bkely that the glucose alone 
did not accelerate the oxidation of alcohol in most 
cases because the glucose was not oxidized The 
addition of insubn assures the oxidation of the 
glucose and the oxidation of the alcohol in the 
body IS thus accelerated. 


The prognosis of acute alcoholism is ordinanly 
very good for recovery and patients usually re- 
ceive very little active therapy However, fatah 
tics have been reported, and any patient ■who 
reaches the stage of alcohobc coma may be con- 
sidered dangerously ill Therapy should be 
aimed at a reduction of the alcohol content of the 
body Robinson and Selesmck (4) increased 
the excretion through the lungs by mcreasing the 
respiratory volume with 10 per cent carbon diox- 
ide in oxygem Thty were able to produce a re 
duction of blood alcohol ranging from 8 to 137 
mgm. per cent in ^ hour m severely intoxicated 
patients In the present experiments the adram 
istration of glucose and insuhn caused a reduc- 
tion of blood alcohol ranging from 75 to 275 
mgm. per cent in 2 hours m a comparable group 
of patients This therapy is of advantage over 
carbon dioxide and oxygen in that no special appa- 
ratus IS reqmred, and the immediate attendance 
of the physician is only necessary for a fe^v nun 
utes 

CONCLUSION 

Wc have determined the effect of the glucose 
and insulin on the rate of disappearance of alco- 
hol from the blood of intoxicated patients 

1 The injection of 15 units of insulin had no 
cff«:t on the blood alcohol 

2 The mjection of 50 cc, of 50 per cent glu 
cose mtravcnously caused a moderately mcrcased 
fall in blood alcohol only in the severely intoxi 
cated patients No change -was observed in the 
less severely mtoxicated patients 

3 The admimstration of both glucose and in 
Buhn accelerated the decrease m blood alcohol in 
all patients It is suggested that the oxidation of 
alcohol may be catalyzed by the simultaneous oxi 
dation of glucose, 
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live determination m the photoelectnc densitometer 
(Evelyn) of the amount of unknown necessary to produce 
a turbidity equal to that produced by a standard extract 
The standard deviation in any senes is 72. per cent (■#) 
They calculate their results per volume of blood, whereas 
we calculate ours per volume of corpuscles Smce blood 
F-factor is confined to the corpuscles, as shown for the 
DPN moiety by Euler and Nilsson (IS) and for the 
entire F-factor by Kohn (8), comparison of the various 
assays of Vilter, Vilter, and Spies (10) must be in- 
accurate to at least the extent by which the hematocnts 
differ — ^which in ordinary hospital work may easily be 
100 per cent 

The results obtained are expressed in d e or 
DPN equivalents An assay of 10 d c signifies 
that 1 ml of corpuscles has a growth promoting 
activity equal to that of 10 gamma of DPN 
(cozymase) It is to be emphasized, however, 
that tins IS an arbitrary measure, since the rela- 
tive contnbubon made by each coenzyme (and 
possibly by unknown related substances) has not 
been determined The sensitivity of the method 
IS such that under the usual conditions visible 
growth IS obtained at a dilution of cozymase 
about 1 part m 500 milhon, or more The quan- 
titative estimations can be earned out at about 
half this dilution with a standard deviation of 
about 7 per cent in any senes We are greatly 
indebted to Prof J Runnstrom and Drs A. Len- 
nerstrand and E Sperber of Stockholm for a 
generous gift of DPN (63 per cent punty) with 
which we have cahbrated our standards 

Smce the speofiaty, theory, and procedure of 
the test have already been discussed m detail (8) , 
it IS only necessary to give here a resume of our 
techmc, indicating the improvements which have 
been introduced It should also be noted that the 
pH of the blood extract is such that the reduced 
form of the coenzyraes is inactivated The 
amount of the reduced form present, however, is 
usually less than 10 per cent, when estimated as 
the increase in assay following the addihon of 
K 3 Fe(CN)B to the laked cells previous to tnchlo- 
racehc and preapitation 

Blood IS obtamed by puncturing the finger tip with a 
surgical blade (Crescent 111) and gently pressmg out 4 
or S drops mto the depression of a small paraffin block, 
02 ml are then added to 08 mL of isotomc salme (17 
volumes of 0 9 per cent NaO + 1 volume of 22 per cent 
K,C O. HjO) Such diluted blood can be kept at room 
temperature for 2 hours or at 5° for S hours -without loss 
of coenzyme. 


For the hematoent, 04 ml of dduted blood arc cen- 
trifuged m a special pipette, 132 cm. long, illustrated in 
Figure la. The walls are of pyrex, about 3 mm. thick, 
and the bore of the graduated tube is of the order of 1 
mm. After fiUmg, the ends are wiped dry, each is sealed 
with a small piece of adhesive tape, and the whole pipette 
IS enclosed withm a rubber band (Goodnch Numbw 84), 
the ends bemg taped as m Figure lb The rubber band 
acta as a shock absorber and permits a half dozen pipettes 



held m place by two nngs of tape, as m 5 
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to be fptm In one large centrifuge cop After ccntnfaglng 
at 2000 rp.m. for IS mlntrtet, the Worac of the packed 
cell* IS read directly from the calibrated stem. These cells 
can be used for analysis, If desired, by removing the tape 
and blowing out the contents of the pipette. Ordinarily 
howerer an aliquot of dfluted blood is used for the blood 
extract 

Blood extract Is prepared by laldng 0J2 mh (or more, if 
necessary) of iflhited blood m 7.8 mh of distilled water 
and adding within several minutes 2 mb of partially ncu 
trained trichloracetic aad. The test tube Is then corked» 
Inverted (to steriluc) ceotnfiiged, and stored in the 
cold The dear (or almost dear) snpernatent liquid Is 
tested The strength of the tndiloracctic add used Is 
about 135 per cent, and its pH is 2.1 to 2.2 due to the 
addition of NaOH. After hs addition to the laked blood, 
the pH of the extract is about 3, wbicfa gives optima} 
protdn preaprtation. 

The broth employed for both stock cnltures and teats 
contains 2 per cent proteose peptone, 05 per cent NaCl, 
0 1 per cent sucrose, and 0 04 per cent fumaric aad, tj 
trat^ with NaOH to pH 7& (glass electrode) To 
prevent unnecessary darkening it is autoclaved for not 
more than 15 minutes at 15 pounds pressure. It Is 
supenor to the broth used formerly in that h permiti a 
comparison of the unknown against the standard at an 
(turbidity) of 15 or less with a tmgle reading 20 to 24 
hours after mocnlatioa For dinicil determmations, only 
the standards need be made up m duplicate. The stock 
cultures are transferred daily For every assay to a 
series of tubes carii containing 7 ml of broth, there are 
added 0 0 (U 0.2, and 05 ml of blood extract The 
tnbes are then inocnlated, and the turbidity is finally de- 
termined and compared with that produced by a standard 
V factor solution as previously described in detail (8) 

EESULTS 

The blood coenzyme (d e ) values for a group 
of 126 hospital patients, selected for the most part 


at random, were determined and compared with 
those for a group of S3 normals The results 
arc summanred in Figure 2 m the form of fre- 
quency distribution polygons which show the per- 
centage of cases having a d e of 50 to 60, of 60 
to 70, of 70 to 60, etc. It is apparent that the 
d e values of the clinical subjects have a great er 
spread than the normal, although the mode of 
each group falls m about the same range Of 
the controls, 64 per cent fall between 50 and 70 
d e and 49 per cent between 60 and 80 d e of 
the clinical subjects, 47 per cent fall into each of 
these classes The peak between 60 and 70 d e 
in the dimcal distribution, which is not seen in 
the controls, may be due to the greater number of 
females m the clinical senes (46 per cent com- 
pared to 15 per cent) The female mode falls 
between 60 and 80 d^ , whereas that for the males 
lies between 50 and 70 d^ 

The greater spread of the dj values m the hos- 
pital population mdicates that the normal distn- 
bution has been distorted by an increase m the 
relative number of high and low values. We 
have found that diabetics tend to be low and pa- 
tients suffenng from pulmonary disease (pneu- 
monia) tend to be high whereas cases of cardio- 
vascular disease tend to have a normal distribution. 
Probably most other conditions have essentially 
normal distributions since, on the whole the poly- 
gon for the clinical subjects is similar to that for 
the controls Similar results were obtained in 
an earher senes of 65 cases, which are not re 
ported however, since the techmc employed was 
somewhat different. 
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Diabetes mclUtus 

The distribution of 23 cases is shown in Figure 
3, where 2 peaks are seen Thirty per cent of 
the cases have significantly low values of 40 to 
SO d c About 50 per cent fall in the definitely 
normal range of 50 to 80, while the remainder 
tend to be high Vilter, Vilter, and Spies (11) 
examined 3 diabetics in aadosis and found their 
initial values to be low, when 2 of them were 
treated ^vlth large quantities of insulin and were 
given other routine therapy, an increase in assay 
of well over 100 per cent was noted within 10 
days Red cell counts were around 5,000,000 
It was therefore possible that the peaks in our 
senes could be correlated with the amount of 
treatment recaved This, however, was not the 
case The average d e for 11 patients who had 
recaved no insulin was 55, which was wthin a 
few per cent of the average of the insulin-treated 
cases Further examination of the individual 
data revealed no connection between insulin 
therapy or blood sugar concentration and d e 
level In 2 cases there was actually a drop of 20 
to 25 per cent in blood d e after 10 days of insu- 
lin administration Our results show, therefore, 
that the diabetic population has a larger percent- 
age of low d e values than the normal, which is 
consistent wth the findings of Vilter, Vilter, and 
Spies The differences noted by us, however, are 
smaller, and the admimstration of insulin seems 
to be unaccompanied by any dramatic effect 
This may be accounted for by the fact that we 
have not examined diabetics dunng and after re- 
covery from extreme aadosis Also, the growth 
factor speafiaty of the para-xnfluensa baallus 
may differ from that of the tnfluetisa baetllus used 
by Vilter et al 

Pulmonary disease 

The distnbution of 15 cases is shown in Figurp 
3 The tendency to high d e values in this group 
IS due to the cases of pneumomtis (cross hatched) 
rather than to those of tuberculosis (solid) All 
of the pneumonitis cases except one had been 
treated with sulfapyndine for at least several 
days before the blood tests were made The tem- 
peratures had dropped to around 38° and the pa- 
tients were on the way to recovery The un- 
treated case ^vas one of bronchopneumoma, had 


a temperature of 40°, and a d c of 79 There 
are also included with this group 1 case of pleural 
effusion and 1 of lung abscess All of the tuber- 
culosis cases were active 

Pellagra 

Four pellagnns tested before treatment were 
reported (8) to be within 20 per cent of 6 nor- 
mals, the assays being expressed in arbitrary 
units The assays converted into d e , on the 
basis of re-testing three of the normals, are 50, 
50, 54, and 68 Recalculated d e values for 3 
other pellagnns, not previously reported, are 
adult female, moderately ill, 61, adult male, 
acutely ill, 52, 10-year-old boy, acutely ill, 70 
The tests were made before mcotinic aad was 
given and while the patients were still sensitive to 
sunlight Two more cases are included in the 
present senes, both adult males, a very mild one, 
d e 6A, and a severe one, d e 55 All of these 
results are consistent with the conclusion that 
pellagnns are only moderately low, falling in the 
lower range of the normal distnbution The 
very low values found by Vilter el al (10) may 
be explained, at least m part, by the error in their 
method of companson (c/ Methods) It is also 
possible that other differences m technic, particu- 
larly the use of another speaes of bactenum, may 
lead to divergent results 

Cardiovascular disease and others of normal dis- 
tribution 

The distnbution of 15 cases of cardiovascular 
disease is shown in Figure 3 Other groups 
which appeared normal in distribution were 8 
cases of gastro-intestinal disorders (including 
ulcers and cholecystitis), 8 of psychoses of van- 
ous types, 5 of syphilis, and 4 of thyroid dys- 
function (3 hyper, 1 hypo) Vilter et al (11) 
reported an extremely low value for a case of i 
chronic lymphatic leukemia The 3 cases exam- 
ined by us were not definitely abnormal 

Miscellaneous cases 

It is impossible to draw conclusions concenung 
the other diseases where only 1 or 2 cases were ex- 
amined However, 2 cases were found with defi- 
nitely abnormal d e values in the vianity of 30 
They have not been included in the above sta- 
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Fm 3 Thc Dunraonow or V F/crot ) Unru nf Diamiis Mmjtvt Casdiovascdla* Diawre, abb 

POLUONAmy thlAAAI 

The CArdiovucolar dlicaic ibowt A normal diatrihatlon, the diabetes ihowa a tignlficant percentage of low 
values and the pulmonary disease a significant percentage of high values. 


tistica Both were women, the first having a 
generalized type of osteomalaaa which was re- 
fractory to all treatment, and the second having 
sprue. The low value in the sprue case is not 
charactenshc, since 2 others showed d e values 
of 84 and 57 respectively Both responded as 
readily and m the same way as normals and pella- 
gnns to the admirustration of mcotinic acid, thc 
d / value increasing dunng admimstratlon, but 
falling back when dosage was discontinued 
Although the value could be raised far beyond 
tbe normal no clinical improvement resulted 
Like the diabetics, these cases show that low dj 
values are possible in conditions which are not 
spedfically unproved by mcotmic aad and em- 
phasire the discreteness and mdependence of the 
factors which control the d e level In this con- 
nection, the case of a normal individual is worth 
menboning We have found the d e level to be 
quite constant when followed for fairly long pen 
ods of time (several months) A striking ex 
ception to this is shown m Figure 4 where 2 
healthy, adult males are compared over a period 
of 65 days The vanation of Subject A who 
served as a control was about ± 3 per cent, 
whereas Subject B vaned between 84 and 63 d e 
Nevertheless Subject B enjoyed excellent health 
and his diet and achviues expenenced no unusual 
vanahon 


Among the hospital patients m Figure 2 there 
IS a small group which falls between 120 to 140 
d e This includes 1 case of pemluous anemia 
(131 d t) which had received 30 U S P units of 
liver (Lederle) intramuscularly daily for 7 days 
Dunng this penod the erythrocyte count rose 
from 1 4 to IBS milhon and the reticulocyte 
count rose from 02 to 29 per cent On the basis 
of other studies (9), it is most probable that the 
high reticulocyte count is responsible for the high 
assay m this case The other 2 cases cannot be 



Flo 4 Tar V Factob (d^ ) Lavris nr Two Notual 
IimrvniOALs 


A U typical In ihowing a relatively constant leveL B 
Is atypIoU, ibovdng a marked variation which II not 
correlated with any change in condition. 
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explained One was diagnosed as epilepsy prob- 
ably of organic ongin (125 de), the other was 
one in which the final clinical impression was 
menopausal syndrome and malnutnbon (134 
d e) For companson, it may be noted that a 
case of idiopathic epilepsy had an assay of 62 d e 

DISCUSSION 

The present work emphasizes the great vana- 
bihty in d a existing m a population of normal 
individuals, differences of the order of 50 per cent 
bemg found frequently The small vanation 
previously reported (8) in a group of 6 individ- 
uals was probably due to homogeneity with re- 
spect to age, sex, and occupation In spite of this 
vanation, however, we now know of one factor 
which directly affects the F-f actor level, namely, 
nicotinic aad, of two assoaated with depression, 
diabetes melhtus, and pellagra, and of one asso- 
aated with elevation, pulmonary mfection 

In addition, however, it seems necessary to pos- 
tulate at least one other factor which operates m- 
dependently of the above m order to account for 
(a) the extremely high and low assays, (b) the 
normal vanation, and (c) the type of instability 
shown by Subject F, Figure 4 The relative sta- 
bihty of the blood level (which is extreme m 
Subject A, Figure 4) was noted previously (8) 
and formed the basis for the suggestion that it is 
determined by the general condition and relation- 
ships of the hematopoietic mechamsm On the 
other hand, the increment following mcotimc aad 
dosage (and which disappears when dosage is 
discontinued) can be accounted for as a corpus- 
cular phenomenon and can be duplicated in vtfro 
(9) Such an hypothesis implies that the blood 
level depends not only upon the current state of 
nutrition, but also upon the condition of the 
myeloid apparatus, and upon its power of ab- 
stracting needed substances from other loa To 
judge by our results, the nutritional factor is of 
some but not of great importance in man, and 
the same is true of the dog It also seems that 
considerable latitude is possible in the relations 
involved without danger to the orgamsm These 
considerations lead to the obvious conclusion that 
the de level, as determined by our technic, can 
be of httle importance for diagnosis or prognosis 


SUMMARY 

The F-factor (coenzymes one and two, pos- 
sibly plus unknown related substances) level v\'as 
determined for the blood of 53 normal individ- 
uals and 126 hospital patients The assays are 
expressed in d e or activity equivalent to gamma 
of coenzyme one per ml of corpuscles Eighty- 
one per cent of the normal cases fell between 50 
and 80 d e whereas only 65 per cent of the path- 
ological cases fell in this range The greater 
vanation in the pathological Senes was caused, 
to a large extent, by the diabetics who showed 
low values and the patients with pulmonaiy dis- 
ease who showed high values Pellagnns showed 
values that were m the lower part of the normal 
range To account for all of the vanation ob- 
served, It IS necessary to postulate factors other 
than diet or disease which regulate the blood d e 
An earher senes of 65 cases, not reported in de- 
tail, IS consistent with these conclusions 
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TREATMENT OF GAS GANGRENE INFECTIONS IN GUINEA-PIGS 
WITH NEOPRONTOSIL. SULFANILAMIDE, AND SULFAPY- 
RIDINE AN EXPERIMENTAL STUDY 

By DOUGLAS B KENDRICK, JE.i 

(From tht Institute oj Erpenmental Medicate The Moyc Foundation Rochester Afmn.) 
(Received for pubUcatlon Miy 11, 1939) 


The development at the end of the World War 
of an antitoxin for the prophylaxis and treatment 
of gas gangrene mfections provided a method 
which, m the hands of some men, has been of 
great value in helpmg to reduce the mortahty 
rate of this infection. Ghormley (1) has called 
attention to the beneficial results obtamed by the 
use of anhtoxm He reported a mortahty rate 
of 42 S per cent m gas gangrene infections which 
compares favorably with the report of the Sur- 
geonhSeneral s Office of a rate of 48 52 per cent 
m the Amencan Expeditionary Force in France 
However, Ghormley stated that 86 per cent of 
33 patients with gas gangrene mfections recov 
ered following the use of antitoxin He stressed 
the pomt that antitoxin is of value in the treat- 
ment of this mfeebon when given early Stone 
and Holsmger (2) reported 67 cases of gas in- 
fection with a mortality rate of 32 4 per cent. 
When antitoxin was used the rate was reduced to 
IS 3 per cent On the other hand Boland (3), 
reporting a group of 15 cases of gas infection 
assoaated with compound fractures found that 
when antitoxin was used 4 of these patients died 
and 4 hved when anhtoxm was not used 2 died 
and S hved However, the number of cases is 
too small to be statistically significant Bohl- 
man (4) reported disappointing results when gas 
gangrene infections were treated with antitoxin. 

CDwing to the discrepanaes found ra the htera 
ture on the results obtained when anbtoxm was 
used m gas gangrene mfections one is led to be- 
lieve that It 13 far from bang dependable in the 
majority of cases of the mfeebon. For this rea 
son many attempts have been made to find other 
methods of treatment Sulfanilarrade has been 
tried by several workers for this purpose. Bohl 
man (4) reported 3 cases of gas gangrene mfee- 
bon treated with sulfamTamide without a fatal 

1 Captain Medical Corps United Statea Army on m< 
alpunent in The Mayo Foondation. 


ity These pabents had received 10000 imits of 
combined gas baallus anbtoxm on admission but 
were given no antitoxin after the diagnosis of 
gas gangrene was made The presence of Clo- 
stridium welchti m the wounds of 2 of the pa- 
tents was not confirmed by laboratory methods 
Treatment consisted primarily of sulfamlamide 
by mouth for several days. Mellon Gross, and 
Cooper (5) reported one case of gas gangrene 
treated with sulfamTamide. This patent had a 
thromc prostate disease and a severe diabetes, 
and a gas mfeebon had developed as the result 
of cathetcniaton. Large doses of sulfanilamide 
failed to improve the mfeebon. Long and Bhss 
(6) workmg on gas gangrene mfeebon m mice 
produced experimentally by mjecbng washed oil 
hires of Closindmn vselchsi have shown that 
sulfanilaimde protects mice mfected with Clostn- 
dtum xtielchii very effeebvely In 3 experiments 
m which Clostridium welchii was resuspended 
m broth, 36 of 50 treated mice (72 per cent) sur- 
vived Only 2 out of 27 untreated mice, used as 
controls survived the mjeebon of 0 5 cc. of the 
culture. The results obtained by these workers, 
using unwashed cultures were disappombng 

The results of a senes of experiments to de 
termme the proteebon afforded by sulfamlamide, 
neoprontosil, and sulfapyndme m the treatment 
of gas gangrene mfeebons produced expenmen 
tally in gmnea pigs are here reported 

MSTHOOS 

The cultures of Ctostndium tpelchn used in this work 
■were obUiutd from 2 different sources. Tile first strain 
■was collected from a nonfatal case of gas gangrene in a 
finma n. The second strain ■was obtained from an elk 
that had died from a gas gangrene infection. The or 
ganisnu were Isolated from the spleen of the elk and 
transferred to brain broth mediums for culturing Cut 
tores incubated at 37 C for 24 hours were used In all 
experiments. Intramuscular ioiectkms were done roo- 
tmdy 

In order to determine the smallest quantity required to 
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produce a fatal infection consistently, it was necessary to 
inject graduated amounts of the culture into several 
gumea-pigs Three guinea-pigs were injected with 10, 
OS and 01 cc. of the culture respectively and 3 ginnea- 
pigs were injected with 01 ca of the culture mixed with 
0 1 cc. of 1-1000 adrenalin. The adrenalm was used to 
produce a local anoxia so as to mcrease the chance of an 
infection developing The guinea-pigs were dead in 24 
hours from extensive gas gangrene infections Further, 
to test the amount required to produce fatal infechons, 
cultures were made directly from the gumea-pigs that had 
died m the previous experiment, and after incubating for 
24 hours 0 1 cc. of each culture mixed with 0 1 cc. of 
1-1000 adrenalm was mjected mto 4 gumea-pigs Three 
of the gpnnea-pigs died from the infection and the fourth, 
which had been mjected with a culture made from the 
guinea-pig reccivmg 0 1 cc. of culture primarily, had a 
sloughmg lesion of the thigh, but it was not fatal From 
these experiments we found that 01 cc. of the culture 
mixed with 0 1 cc. of 1-1000 adrenalm would produce 
fatal lesions regularly 

There is a great deal of variation m the dosage of 
sulfanilamide advocated for use m small animals Mellon, 
Gross, and Cooper (7) recommended grvmg mice orally 
doses as small as 0 3 gram and as large as 1 25 grams per 
kilogram for a penod of several days They considered 
the large dose to be preferable. Kolmer, Raiziss, and 
Rule (8) suggested givmg sulfanilamide to rabbits m 
doses varying from 01 to 0 5 gram per kilograra orally 
twice daily The tolerance of gumea-pigs for sulfamla- 
mide was tested by administenng the drug m graduated 
doses, so that each pig received a different amount The 
doses varied from 0 5 gram to 2 0 grams per kilogram. 
Among the gumea-pigs receiving 2.0 grams per lologram, 
marked cyanosis and spastic paralysis of the spinal muscles 
developed, resultmg m death within 24 hours Doses of 
1 5 and 1 0 grams per kilogram caused cyanosis but no 
paralysis The pigs receiving 0 5 gram per kilogram 
showed no untoward results When 250 mgm. of sul- 
fanilamide m 20 cc, of physiological salme solution was 
mjected subcutaneously and intrapentoneally mto gumea- 
pigs, alt animals survived , it was, therefore, thought safe 
to use this dose. In some expenments 350 mgm. doses 
were used perorally twice daily 

Neoprontosil was used imbally to determme its thera- 
peutic value m gas gangrene infections It was mjected 
subcutaneously m 250 mgm, doses twice at 6-hour m- 
tervals In this senes, as m all the experiments, the first 
dose of the drug was gpven when the culture of Clos- 
indtuin roelchii was mjected. Sulfan ilami de was next 
employed to determme its efficacy It was given orally, 
subcutaneously, and mtrapentoneally m doses varymg 
from 250 to 350 mgm. twice daily Fmally, sulfapyndme 
was used to combat the gas infection. Two hundred and 
fifty milligrams of the drug were given by mouth twice 
daily 

In the precedmg expenments unwashed cultures had 
been used, owmg to the overwhelmmg mfecfaons pro- 
duced it was thought advisable to use washed cultures to 


reduce the quantity of preformed toxins m the cultures as 
suggested by Long and Bliss (6) and by Long (9) A 
24-hour bram broth culture (from elk) was washed 
several times m physiological saline solution by centnfu- 
galizaUon at 1500 rpm for 30 mmutes Then the or- 
ganisms were diluted to the original volume with physi- 
ological salme solution Then 0 1 cc. of the washed cul- 
ture, mixed with 0 1 cc. of 1-1000 adrenalin, was used as 
the moculatmg medium. 

RESULTS 

Ten gumea-pigs were inoculated intramuscu- 
larly with a 24-hour brain broth culture of Clo- 
stndxum welchu mixed with 0 1 cc. of 1— 1(X)0 ad- 
renahn Five of the gumea-pigs were treated 
with 500 mgm of neoprontosil subcutaneously m 
2 doses given 6 hours apart Five gumea-pigs 
were used as controls The gumea-pigs in the 
treated group were dead within 48 hours Those 
m the control group were dead within 6 days 

Ten gmnea-pigs were inoculated with the stand- 
ard dose of a culture of Clostridium welchu, 3 
were given the culture mixed with 0 1 cc of 1- 
1(X)0 adrenalm and 3 received the culture without 
adrenahn Of the 4 controls, 2 received culture 
mixed with adrenalin and 2 received the culture 
without adrenahn The treated group were given 
250 mgm of sulfamlamide at the time the culture 
was inoculated Four of the treated group and 
all of the control group died 

The strain of Clostridium welchu used m the 
remaining portion of the work was obtained from 
a fatal case of gas gangrene in the elk. 

Ten gumea-pigs were injected with 0 1 cc of 
culture of Clostridium welchu Sulfanilamide 
in 300 mgm doses was given intrapentoneally 
twice at 6-hour mtervals to the treated group 
The infection was fatal to the control group in 
24 hours and all the treated gumea-pigs were dead 
in 48 hours 

A companson of the relative value of sulfani- 
lamide and combined gas gangrene antitoxin was 
made Ten gmnea-pigs were moculated with the 
standard quanbfy of culture of Clostridium 
welchu mixed with adrenalm Four of the 
treated group received 300 mgm of sulfamlamide 
subcutaneously twice daily and 3 were given 2(X)0 
imits of antiperfrmgens serum when the culture 
was injected Three of the gmnea-pigs injected 
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■With the drug died by the fifth day, the fourth 
survi-yed All of the guinea pigs inoculated vnth 
the antitoxin survived Only one guinea pig m 
the control group hved 

Ten guinea pigs -were inoculated with 0 1 cc. 
of a 24-hour culture of Clostridium welchti The 
treated group was given 3S0 mgm. of sulfanila- 
mide by mouth twice daily The guinea pigs m 
the treated group were dead within 48 hours and 
those in the control group died within 60 hours 
after inoculation. 

Two experiments ivere done to test the effi 
cacy of sulfapyndme in gas gangrene mfections 
Ten guinea pigs m each experiment were inocu- 
lated with 0 1 cc of a culture of Ctostndmm 


tuelchit The treated groups were given 250 
mgm. of sulfapyndme by mouth twice daily In 
tfie first expenment only 1 out of S guinea pigs 
in the treated and 1 out of 5 in the control group 
hved In the second expenment the infection 
was fatal to both groups 
Six guinea pigs were inoculated with 0 1 cc. 
of a washed culture of Clostndmm welchit mixed 
with 0 I cc. of 1-1000 adrenahn. The treated 
group ■was given 350 mgm of sulfanilamide by 
mouth twice daily The results were practically 
the same as when unwashed cultures were used 
The guinea pigs m the treated and control groups 
were dead within 4 days 
A risumi of the results is given m Table I 


TABLE I 

lUsiliis of oJmlnlsteTinc ntaprontosH ndfaniUmidt.ndfap^ndino^ or anttperfrinitns serum to [Utnta pits infected with 

Closlridium tedchti 


Expert 

aeot 

BUmbtT 

Non 

ber 

oi 

pLn 

Cltatridium 

wtUM 

loocolxted 

Tmtswat 

1 

Nemberof desthj 

Stovinia 

1 

dwr 

2 

dayx 

s 

dtTl 

4 

dan 

5 

dan 

« 

dan 

7 

dan 

10 

dan 

CoQtroU 

O: 

Olce. 

None 

IS 

D 

D 

D 

n 

D 

B 

2 

2 

1 

S 

0 1 CCa of Cul 
ture 1 1 

fSiBiiid 

2 

1 

1 

1 

1 

■ 

1 


0 

1 

1 

3 (idnea pigi 
given 0 1 cc. of 

1 Culture, 1 with 

1 adrenalin. 3 

1 gmnea pig* 
given 0 1 cc. of 

1 culture, 1 with 

I out adrenalin 

250 tngoL of culfanUamide 
IntraperitoncaUy Only 

1 do*e infected 

i 

1 

1 






1 


2 

(They re- 
ed^ 
culture 
only) 

3 

1 5 

0 1 cc. of Cul 
tore 2 

1 300 tngm. of sulfnnnamide 

1 (ntrapentoneally twice 

1 at 6-oour intervals 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

4 

■ 

0 1 cc. of Cul 
ture 2 

300 mgm of lulfamlamlde 
■ubc^neouftly twice 
daily 

1 

1 

1 

1 

■ 

1 

1 

1 

1 

1 

5 

■ 

0 1 cc. of Cul 
ture 2 

350 mgm. of sulfanilaniide 
orally twice dally 

H 

fl 



1 

1 


1 

1 


0 

6 

10 1 

1 

0 1 cc. of Cul 
tore 2 

250 mgm. of sulfapyndine 
orally twice dally 

fi 

■ 

I 

■ 

■ 

■ 

■ 

■ 

1 

7 

3 1 

1 

0 1 cc. of Cul- 
ture 2 waihed 

350 mgm. of s ulfaonamide 
orally twice dally 

1 

■ 

■ 

1 

1 

■ 

■ 

■ 

0 

Total* 

■a 
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O 

D 

III 
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0 1 cc. of Cul 
tore 2 

2000 units antlperfrlovens 
serum injected subcu- 
taneously once 


1 




1 

! 


1 

1 
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• Treated with neopronto»n mltanaaiiude, or ^tapyrWlje, „ . , . , , , , ... 

t Culture 1 obtamri from a noolatal m a human. Culture 2 obtained from a fatal caae of pa pnErene In elk. 
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SUMMARY 

A senes of expenments has been done to study 
the therapeutic value of neoprontosil, sulfanila- 
mide, and sulfapyndine in gas gangrene infections 
produced expenmentally m guinea-pigs The re- 
sults obtained with the 3 drugs were very similar 
In the doses used, whether the cultures were 
^vashed or unwashed, these drugs did not provide 
protection against the infection In the treated 
group there was a mortahty rate of 89 5 per cent, 
while m the control group the rate was 94 3 per 
cent 

A companson has been made between the pro- 
tective value of antiperfnngens serum and sul- 
fanilamide in gas gangrene infections in guinea- 
pigs The antiperfnngens serum proved to be 
much more effective In spite of the smaff num- 
ber of guinea-pigs treated with the serum the 
difference m results is statistically sigmficant 
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ULTRAFILTRABLE MAGNESIUM IN HYPERTHYROIDISM 

By LOUIS J SOFFER, D ALFRED DANTES' EDWARD B GROSSMAN, 
HARRY SOBOTKA jura MILDRED D JACOBS 

(From the Medical Sennet of Dr George Bathr and the Division of Laborotorus of The Mount 
Smai Hospital New York City) 

(Recctrcd for ptiblicatlon May 16, 19J9) 


The following report is concerned with the 
study of magnesium metabolism in chmeal and 
experimental hyperthyroidism. This first com- 
mumcahon deals pnmarily with the ratio of 
diffusible magnesium to total serum magnesium 
m the hyperthyroid state. 

Tlie general question of relationship of total 
serum magnesium to its ultrafiltrable fraction in 
8 normal mdividuals has been discussed by 
Watchom and McCance (1) They found that 
normally approximately 25 per cent of the total 
serum magnesium is non-diffusible These au- 
thors suggest tliat there are probably 2 factors 
which play a part m determining the amount of 
lomiable magnesium. The bound magnesium 
may be in combination either with the protein in 
the serum or with the serum phosphatides These 
acids which behave similarly to protein, are pres 
ent in adequate quantities to bind considerable 
amounts of magnesium Brull (2) and Scholtr 
(3) also believe that both calaura and magnesium 
form colloidal phosphate complexes 

METHOD 

The total serum magnesium was determined by 
the method of Bnggs (4) The serum proteins 
were precipitated with tnchloracetic add It was 
found that httle, if any magnesium was earned 
down with the protein flocculum To 10 cc. of 
protein free filtrate were added 1 cc of 20 per 
cent sodium acetate, 6 to 8 drops of 0016 per 
cent bromcresol green and 1 cc, of 4 per cent 
ammomum oxalate The pH of the solution was 
adjusted to 5 0 by addition of ammonium hydrox 
ide. The mixture was allowed to stand over- 
raght, and the precipitated calaum oxalate then 
separated by centnfugaUon To the decanted 
supernatant fluid and washings were added 1 cc. 
of 2 per cent potassium dihydrogen phosphate, 

1 Aided br * pant from the Herbert Cellcr Fund. 


and 1 cc. of concentrated ammoma solution 
After the mixture had again been allowed to 
stand ovenught, the preapitate was separated by 
centrifugation and washed with a solution con 
taming 200 cc. of 95 per cent alcohol and 50 cc. 
of concentrated ammonia solution per liter The 
preapltated magnesium ammomum phosphate 
was dned and determined according to the method 
of Kuttner and Lichtenstein (5) by companson 
of the color developed on addition of 7.5 per 
cent sodium molybdate and 0.2 per cent stannous 
chloride with that of a standard phosphate stock 
solution 

For the detemunation of difilusible magnesium 
serum was ultrafiltered through a ‘ 600 " Cello- 
phane membrane under a pressure of 80 pounds 
mtrogen per square inch. The magnesium con- 
tent of the ultrafiltrate was determined as de 
Bcnbed above, except that the protein precipita 
ton with tnchloracetic aad ivas omitted 

SESULTS 

Total and ultrafiltrable magnesium determina- 
tions were made In normal individuals m patients 
vrtth neuroarculatoiy asthenia, vanous muscular 
dystrophies, and in patients with chnically well 
defined hyperthyroidism In many of the latter 
group determinations were made before and 
after the administration of Lugol s solution and 
after operation 

In Table I are presented the results obtamed 
in 14 normal mdmduals It was found that the 
percentage of the total serum magnesium which 
IS non-diffuslble varied in these individuals from 
31 to 22 1 per cent, the largest number of the 
group falhng between 10 and 19 per cent The 
total serum magnesium varied between 2 12 and 
276 mgm per cent with one exception of 4J50 
ragm per cent 

In Table II are included the data obtained in 
patients with neuroarculatoiy asthema. The 
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TABLE I 

Total serum magnesrum and percentage of bound magnesium 
%n normal individuals 


Number 

Total 

protein 

Total 

magnesluin 

Masneslom 

in 

nltra- 

filtiate 

Percentage 

of 

bound 

magnesium 


erams 

mem per 

mem per 

per cent 


Per cent 

100 a 

100 cc. 

1 

7 0 

2 12 

1 83 

13 7 

2 

84 

2SS 

2 47 

3 1 

3 

82 

2 36 

2 06 

12 7 

4 

78 

2 27 

2 19 

3^ 

S 

7^ 

2 IS 

1 72 

20 0 

6 

70 

2 76 

; 2 20 

203 

7 


i 4 30 

' 3 75 

! 12 8 

8 


223 

2 01 

99 

9 


2 46 

2 00 

18 7 

10 


1 2 33 

1 93 

17 2 

11 


2 33 

2 17 

69 

12 


2 58 

204 

20 9 

13 


260 

2 04 

215 

14 


2 21 

1 72 

22 1 

Average 

76 

2 52 

2 15 

143 


TABLE n 


Total serum magnesium and percentage of bound magnesium 
in neurocirculatory asthenia and various myopathies 


'Jumber 

Total 

magneslam 

Maeoedum 

In ultra 
filtrate 

Pereentam of 
bound 
magnedum 

1 

1 

rngm per 100 cc 

mgm per 100 ec ' 

1 

ter cent 

NEUROCIRCULATORY ASTHENIA 

1 

2 60 

2 10 

19 2 

2 

2 33 1 

1 91 

18 0 

3 

2 47 ! 

2 02 

183 

4 

2 96 ! 

2 35 

20 6 

= 

348 

3 16 

92 

PROGRESSIVE MUSCULAR DYSTROPHY (HYPERTROPHIC) 

1 

2 60 

1 85 

28 8 

2 

2 35 

2 16 

81 


MYASTHENIA GRAVIS 


1 

234 

2 09 

10 7 

2 

2 51 

1 96 

21 9 

3 

2 70 

2 28 

153 

4 

2 67 

204 

23 6 

5 

2 33 

2 17 

69 


percentage of bound magnesium varied between 
9 1 and 20 6 per cent, while the total serum mag- 
nesium vaned between 2 33 and 3 48 mgm per 
cent 

The results obtained m this group are almost 
identical wth those found in the normal individ- 


uals The basal metabolic readings of the pa- 
tients with neurocirculatory asthema were all ivell 
within the normal hmits It is frequently diffi- 
cult to distinguish chnically between this group 
and patients with definite hyperthyroidism But, 
as we shall see in the subsequent tables, the be- 
havior of the serum magnesium in normal indi- 
viduals and in patients ivith neuroarculatory 
asthema is entirely different from that m hyper- 
thyroidism 

In Table II are also presented the results ob- 
tained in 7 patients with vanous myopathies 
Five of these patients have myasthenia gravis, 
while 2 have progressive muscular dystrophy 
Again, it will be seen that the results in these pa- 
tients are identical with those of the normal group, 
with the exception of one patient with progressive 
muscular dystrophy who showed some elevation 
of the percentage of bound magnesium 

The results obtamed in patients with Graves’ 
disease were striking For this study 31 in- 
stances of hyperthyroidism of varying intensity 
were investigated In each instance the climcal 
diagnosis was confirmed by microscopic study of 
the thyroid gland removed at operation In 13 
of these 31 patients total and ultrafiltrate serum 
magnesium determinations were made before and 
after the admimstration of Lugol’s solution, m 
12 control and postoperative studies were con- 
ducted, and finally in 6 instances determinations 
were made before the admimstrahon of iodine, 
after the administration of Lugol's solution, and 
after operation The postoperative speamens 
were collected 10 days after the operation just 
pnor to discharge from the hospital 

In Table III are presented the data obtained m 
the 31 patients with hyperthyroidism The basal 
metabolic rate m these patients vaned between 
plus 30 and plus 106 per cent The total serum 
magnesium in these patients, directly on admis- 
sion to the hospital, vaned between 1 85 and 2 96 
mgm per cent, while the percentage bound vaned 
between 21 5 and 61 6 per cent Overlapping 
of the percentages of bound magnesium in the 
normal controls with those m the patients with 
hyperthjiroidism occurred m only 2 instances 
The bound magnesium m most of the normals 
was less than 20 per cent, while among patients 
with hyperthyroidism values over 30 per cent pre- 
vailed No sigmficant change of total serum 
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TABLE in 


TABLE IT 


Total Strum mazntnum and ptrcantare of 6oimd mapustum 
tn poHttUs vita hyptruroidlsm 


KomlMr 

B4tll 

m^ubo 

Uente 

Tctil 

proteiA 

Totel 

Masnedam 
tn oltra 
filtnte 

PereeatMt 
of bottaa 
macnedam 


r<r uni 

emu 
' end 

jttrwi fn 

100 ec 

per 

100 ee. 

, fi«r (tnl 

1 

+ 45 

80 

216 

1 IS 


2 

+ 66 

2a 

2.54 

1 74 

341 

3 

+ 43 

66 

2 10 

086 

' 600 

4 

+ 40 

7.5 

1.85 

1 0 71 

i 616 

5 

-b 41 

2Z 

2J4 

141 

1 444 

6 

+ 43 

7J 

2 79 

1 202 

1 27 6 


+ 30 

7 1 

264 

1 1.91 

, 27 6 


+ 47 

76 

2 11 

160 

, 241 


+106 

74 

2.24 

1.39 

, 38 0 


+ 49 

5.8 

2J2 

1 1 49 

1 32 8 


+ 38 

7 1 

202 

108 

46.5 


+ 41 

64 

260 




, + 56 

7.2 

, 2J0 

■is 

Klfl 


, + 56 

72 

1 2 62 



15 

1 + 60 

6.5 

, 246 

1 169 

au 

16 

+ 50 


' 

tJ7 

1 49.8 

17 



2J9 

1 72 


18 

+ 37 


2 42 

1 60 

33.8 

19 

+ 30 


2J5 

I.S4 

344 

20 1 



2.44 

1 61 

336 

21 

+ 50 


2 41 

1 90 

21.5 

22 

+ 48 


220 

1 70 


23 

4- 42 


229 

165 

36J 

34 

+ 40 


2 71 

U7 


25 

+ 46 


2.54 

169 

340 

26 

+ 36 


2J8 

172 

27 T 

27 



2.S5 

171 

32.9 

28 

+ 56 

70 

2 75 

172 

37 4 

29 

+ 60 


2 41 

1 73 

2$J 

30 

+ 40 


2.31 

1.80 

22a 

31 

+ 34 


296 

208 

300 

Average 


7 1 

244 

1.58 

36 0 


magnesium occuired m patients ivitti Graves dis- 
ease as compared to the normals. 

It IS evident therefore, that m hyperthyroidism 
there occurs a marked increase m the amount of 
arculating magnesium which is bound at the 
expense of the diffusible fraction There is no 
correlation between the percentage of bound mag- 
nesium and the basal metabohc rate, perhaps due 
to the fact that the metabohc rate was determined 
very shortly after adrrassion to the hospital ward 
and may not represent the true basal rate. 

In 13 patients the total and bound magnesium 
in the blood was determined before and after the 
admimstration of Lugol s solution (Table IV) 
There is no essential change in the total serum 
magnesium before and after adequate administra- 
tion of lodme but a considerable change occurred 
m the non filtrable fraction Thus, before the 
admimstration of Lugol s solution the bound mag- 
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nesmra vaned between 21 5 and 49.8 per cent, 
while afterwardi the bound fraction vaned be- 
tween 6 0 and 33 0 per cent After operation the 
results were even more striking In 12 patients 
(Table IV) studies were conducted when th^ 
were first admitted to the hospital before receiv- 
ing iodine, and again just before discharge from 
the hospital after subtotal thyroidectomy The 
iion-diffusible fraction before operation vaned 
between 222 and 49 8 per cent while postopera- 
tivcly It vaned between 00 and 20.5 per cent a 
return to normal levels This is agam demon- 
strated m those 6 patients m whom determina 
bons were made dunng the control penod, after 
the administration of Lugol s solution and after 
operation (Table IV) After iodine administra- 
tion some drop occurred m the percentage of 
bound magnesium which dropped still further to 
normal levels after the operation. 

During the penod of this study we have had 2 
patients with myxedema. In both patients the 
basal metabohc rate was minus 40 and in both m 
stances there was no arculating bound m^ 
ncshim the direct opposite of the finding m pa- 
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tients mth hyperthyroidism The total serum 
magnesium m the patients with myxedema Avas 
well wuthm the normal range 
The mechanism which produces an increase in 
the percentage of bound magnesium in hyperthy- 
roidism IS obscure, and one may raise the ques- 
tion as to whether the blood colloids play some 
part in the binding mechamsm The amount of 
blood protein m our senes, however, was no 
greater m patients mth hyperthyroidism than in 
the normal individuals, so that we must postu- 
late some change m the nature of the blood pro- 
teins to explain the increase in the binding 
mechanism To investigate this phase we per- 
formed the following experiments from 50 to 
200 mgm of thyroglobulin were injected mtra- 
venously in one dose mto 5 dogs The total and 
ultrafiltrable blood magnesium was determined at 
intervals of 15 minutes, 1, 5, and 24 hours In 
each instance the increase in bound magnesium 
vaned betiveen 30 and 100 per cent over the con- 
trol level (Table V) This increase occurred 

TABLE V 

rcenlage of bound magnonum follomng the tnjecluin of 
thyroglobuhn, thyroxm and horse serum intravenously 
into dogs 





Percontase of bound 




magnealura 


E 

a 

Dote 
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Con 

!5 

1 

5 

24 



trol 

utes 

hour 

honn 

boon 

1 

ThyroKlobulin SO mgm 

23 0 

36 8 

31 7 

46 5 

15 8 

2 

Thyroglobutin 100 mgm 

25 5 

23 4 

510 

24 5 

17 0 

3 

Thyroglobuhn 100 mgm 

27 0 

15 3 

33 3 

35 0 

27 5 

4 

Thyroglobuhn 200 mgm 

29 1 

22 8 

32 8 

45 6 

37 5 

5 

Thyroglobulin 200 mgm 

15 2 

26 2 

23 5 

24 6 

65 

6 

Thyroxm 5 mgm 

13 7 

54 

95 

50 

11 6 

7 

Horse serum See 

73 

73 

82 

75 

70 


wuthin 1 to 5 hours after the injection. The in- 
jection of equivalent doses of thyroxine and horse 
serum produced no change m the percentage of 
bound magnesium This would suggest that the 
thyroglobuhn plays some role m bmding mag- 
nesium and would further suggest that there is 
an increase of this substance in the blood of pa- 
tients with hyperthyroidism The fact that a 
considerable penod of time elapses between the 


injection of the thyroglobuhn and the increase m 
bound magnesium would indicate that there is 
no direct umon between the ion and the protein, 
but rather that the latter sets mto motion some 
mechanism which causes binding of magnesium 
In vitro expenments failed to demonstrate any 
binding between thyroglobuhn and magnesium 
Further studies are being conducted to determine 
the vanous factors which operate to bind the 
blood magnesium 

SUMMARY 

1 Total serum and ultrafiltrate magnesium de- 
terminations were made in 14 normal individuals, 
5 patients with neurocirculatory asthema, 7 pa- 
tients with vanous muscular dystrophies, and in 
31 patients with hyperthyroidism 

2 In the normal individuals the percentage of 
bound magnesium vaned between 3 1 and 22 1 
per cent 

3 The patients with neuroarculatory asthenia 
and vanous types of muscular dystrophy showed 
no change m the percentage of bound magnesium 
as compared to the normals 

4 The patients with hyperthyroidism showed 
a marked increase in the non-diffusible fraction 
of the total blood magnesium The percentage 
of bound magnesium in these patients vaned be- 
tween 21 5 and 61 6 per cent 

5 No relationship was noted between the basal 
metabolic rate and the percentage of bound mag- 
nesium 

6 Following lugohzation there is a consider- 
able decrease in the non-diffusible magnesium 
fraction with a further drop and return to normal 
levels after thyroidectomy 

7 In two patients with myxedema, there was no 
arculating bound magnesium 

8 Thyroglobuhn injected intravenously into 
dogs produces a considerable transient increase in 
the non-diffusible magnesium fraction suggesting 
that this protem plays some part in the binding 
mechamsm 

9 The determination of the percentage of 
bound magnesium may serve as a means for diag- 
nosing obscure and borderhne instances of hyper- 
thyroidism 
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THE COAGULATION DEFECT IN HEMOPHIUA THE CLOT PRO- 
MOTING ACTIVITY IN HEMOPHIUA OF BERKEFELDED 
NORMAL HUMAN PLASMA FREE FROM FIBRI- 
NOGEN AND PROTHROMBIN ^ 

By EUGENE U LOZNER, ROBERT KAEK, akd F H. E TAYLOR 
(From the Thonuitke ifemortai Laboratory Second and Fourth Ifedteal Stmcet (Harvard) 
of the Baton Ctty HospUal and the Department of Medtcwe, 

Harvard Medteal School Boston) 

(Rtcdred for publkahon May 19 1939) 

Previous investigations in this laboratory have »bow» the prothrombm time* ” of certain of these prep- 


shown that normal human plasma rendered free 
from cellular elements, by Berkefcld filtration, is 
capable of reducing the coagulation time of the 
blood of patients with hemophiba both m vitro 
and irt invo (1) It has also been demonstrated 
that this coagulation activity of the plasma was 
associated with the globulm fraction of the plasma 
proteins (2 3) The pubbshed data do not how- 
ever idenbfy the active material as a protein, nor 
do th^ differentiate it from fibrinogen and pro- 
thrombm, constituents of the globulm fraction 
which also play a role in blood coagulabom In 
deed gbbulin substance ' as prepared by previ- 
ous methods was known to contain both pro- 
thrombin and fibnnogen (2) The present 
communication concerns a study of the clot piro- 
moting activity of normal human plasma, after 
the removal of prothrombin and fibnnogen- 

PREPARATION OF MATERIALS 

Several author* (4 5 6) have dacribed methods for 
the removal of prothrombin from Wood plasma. These 
methods consist essendaUy of idsorpban of thi* *nb- 
staoce on the hydroxides rf alomimmi, calcram, or mag- 
Dcsium- Chew (7) has suggested recently that fotlowfag 
fUtration through SciU filters (calonm magnesium aland 
num iron sflicate) a prothrombin free filtrate of pUsma 
can be obtained. 

By the use of the Quick el al technique (8) ft is possi- 
ble to obtam a measure of the amount of prothrombin 
contained fn preparations made from plasma,* Table 1 

iThe expenses of this ravesUgatkm were defrayed m 
part by a to Harvard University from Smith, Khnc, 
and French Laboratories, Philadelphia and by a grant 
given in honor of Francis Weld Peabody by the EUa 
Sachs Plot* Foundation. 

» All plasmas itudicd were derived from Dorrnal human 
025 per cent dtrated blood centrifoged 30 mmates at 
2000 r pjru filtered through 2 thteknesses of Number 2 
\Vhatman paper and then t hr o u gh a Berkefcld V filter 


nrations- It will be observed that while preparations 
with commercial aJuminura hydroxide were quite mef 
fioent the use of aluminum hydroxide C-gairana (9) gave 
preparations relatively free from prolhrombm. The 
amount of prothrombin remaining depended upon the 
number of tunc* the adsorption was repeated. More 
striking result* ■were obtained however by pajslng Berkc- 
feld filtrates of dtrated normal human plasma 5 times 
through Seitz filter* mmg fresh pads for each filtration. 
In addition to bang prothrombin free these preparations 
had the advantage of being sterile. On the basis of these 
observations the Sdtz fiJtrabon method was used rou- 
tinely for the removal of prolhrombm from plasma. Each 
batch of plasma treated In this manner was tested for 
prothrombin by the Qmck tecfamque and none was found. 
The presence of fibrinogen in the Sdtz filtrate was den- 
onslxated by the formation of a dot upon the addition of 
fresh sensn as a source of thromblm In one typical ex 
penment one-tenth mL of such serum dotted one-tenth 
mh of the Sdtx filtrate m 29 seconds. 

Plasma was rendered free from fibrmogen by heat 
coagulaUon. The Bakefeld filtrate from fresh abated 
normal human plasma was heated to 56 Cm the water 
bath. It was hdd at this temperature for 2 munites and 
the copious precipitate containing the fibrinogen was re- 
moved by filtration- The absence of fibrinogen in the 
filtrate was demomtrated by the failure of dot f orma tion 
when fresh serum acting a* a source of thrombin was 
added. 

TABLE X 

Tie effect of certain adsorbtnU on the removal of prothrombin 
from normal cUraied plasma as tneasvred by the Qutdfc 
prothrombin hms" 

“ProthnMBbia time, 
Artnteof Otn* 

Mttbad « prepantloo o< Berkefcld pUtm* delcrtaiBitkma 

None (control) 29 

Commercial alumiaum hydroxide 50 cc. 

plasma -)- 50 cc. alumina cream 36 

Above procedure repeated 3 time* 40 

Aluminum hydroxide Cgamma (1 gram) 
to SO cc. plasma 73 

Above proc^ure repeated twice 217 

Above procedure repeated 3 times 510 

Five time* through Sat* pads No dot 


603 



604 


EUGENE I. LOZNER, ROBERT KARK, AND F H L. TAYLOR 


For the preparation of plasma free from both fibnnogcn 
and prothrombm, the fibrinogen was removed by the 
above technique and the filtrate passed S times through 
Seitz filters to remove the prothrombin When any of 
the preparations were to be stored they were dried by the 
lyophile method to avoid chemical change durmg desicca- 
tion. 

EXPERIMENTAL 
In vitro studies 

In intro determinations of the dot promoting 
activity of plasma freed from prothrombm or 
both prothrombm and fibrinogen were made 
Varying amounts of the preparations to be tested 
were added to 2 ml of hemophilic blood, using 
the standard techmque previously descnbed (3) 
In some instances the results obtained were com- 
pared with the Berkefeld plasma from which the 
preparation was denved Prease quantitative 
relationships were not possible since there was a 
loss of plasma to the filter pads and some evapo- 
ration occurred dunng the time required for Seitz 
filtration The results however were sufficiently 
dear cut to permit conclusions to be drawn A 


summary of the data from typical expenments is 
given in Table II 

These data indicate that the greater part of the 
dot promoting activity of cellular free normal hu- 
man plasma is not dependent on the presence of 
either fibnnogen or prothrombin, and remains in 
the filtrate from which these proteins are removed 

The effect, in vivo, of a single injection of normal 
human plasma free from prothrombin on 
the coagulation time of the blood of 
a patient with hemophilia 

Two patients with hemophilia served for in 
vivo studies In one, a single intravenous injec- 
tion of 50 ml of normal human plasma free from 
prothrombin was administered The coagula- 
tion time fell from 108 to 28 minutes 1 hour after 
the injection was given It remained at this low 
levd for 7 hours, after which it returned slowly 
to a value of 128 minutes in the course of 69 
hours The results are shown graphically in Fig- 
ure 1 The observations were repeated on the 


TABLE n 


The effect oj preparalums of atrated normal human plasma free from prothromhtn and fibnnogen on the coagulation time of 

hemophthc blood in vitro 


Control coasnlatlon 
Ume of 2 ml 
blood from patluit 
^th hemophilia 

Preparation employed 

Coagulation time of 2 ml of blood from patient with 
hemophilia after the addition of preparations 
in the amounU tbown bmow 

0 01 ml 

005 ml 

0 10 ml 

minuits 

129 

Original Berkefeld plasma 

vtinuitj 

minuuj 

minutu 

14 

129 

Onginal after 5 times through Seitz filter 

1 


16 

25 

Original Berkefeld plasma 

1 


10 

25 

Onginal after 5 times through Seitz filter | 



13 

36 

1 

Filtered 5 times through Seitz filter 

23 

21 

20 

42 

Fibnnogen free plasma Filtered 5 times through 
Seitz filter 

25 

18 , 

17 

81 

Fibnnogen free plasma Filtered 5 times through 
Seitz filter 


21 

16 

1 ■ - — 

136 

Fibnnogen free plasma Filtered 5 times through 
Seitz filter 

33 

26 

18 

1 

136 

Fibnnogen free plasma Filtered S times through 
Seitz filter 

‘ 59 

30 

24 

35 j 

Fibnnogen free plasma Filtered 5 times through 
Smtz filter 

28 

23 

18 
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second pabent with hemophiha with enbrely 
similar results 

The effect, m yivo, of a twgU injection of nonnal 
human plasma free from filmnogen and 
prothromtnn on the coagulation time 
of the blood of a patient xutih 
hemophilia 

A pabent with hemophiha was given a single 
intravenous mjection of 50 ml of normal human 
plasma free from fibrmogen and prothrombin 
The coagulabon time of his blood fell from 110 
minutes to 26 minutes 1 hour after the injeebon 
This low level persisted for 6 hours after which 
It slowly returned to the pre mjeebon level reach 
mg 100 minutes m 52 hours after the injecbon. 
These resulU are shown graphically m Figure 2 
A similar response to the admmistrabon of this 
material was obtamed m a second pabent with 
hemophilia By a comparison of the data pre- 


sented graphically m Figure 1 with the data previ- 
ously published (1) on single mtiavenous in 
jeebons of normal human abated plasma mto 
pabents with hemophiha no essential difference 
can be discerned Ibgures 1 and 2 are virtually 
super imposable mdicabng that the removal of 
fibrmogen in addibon to prothrombm did not di- 
mmish the eSeebveness of the clot promoting ac 
tlvity of the filtrate. 

The effect mvivo of multiple lu/ections of normal 
human plasma free from fibrinogen and 
prothrombin on the coagulation tune 
of the blood of a patient 
tutlh hemophiha 

A pabent with hemophiha was given a total of 
4 intravenous mjeebons of SO ml of normal hu- 
man plasma free from fibrmogen and prothrom 
bm The injeebons were given at intervals of 
6 hours In 1 hour following the inibat injec- 
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Fig 2 Efteci of a Single Intravenous Injection of Normal Human Plasma Free from fro - 
thrombm and fibnnogen on the Blood Coagulation Time in a Patient with Hemophilia 


the coagulation tune of the blood of the 
int fell from 135 to 40 minutes It remained 
leen 40 and 45 minutes for the next 6 hours 
owing the second injection the coagulation 
; fell to 20 minutes and remained at a level 
letween 20 and 30 minutes after the subse- 
it injections After the fourth and last in- 
lon the coagulation time of the blood remained 
I'cen 30 and 40 minutes for a penod of 25 
rs after which it slowly returned in 3% days 
ire-mjection levels The data are presented 
ihically in Figure 3 A companson of these 
. with those previously pubhshed for multiple 
chons of unmodified normal human plasma 
) shows a close correspondence The mainte- 
:e of a lowered coagulahon time by repeated 
chons of unmodified plasma and preparahons 
plasma free from prothrombin and fibnnogen 
IS in sharp contrast to the refractory phase re- 
ported as accompanying mulhple injechons of 
aad-precipitated “globulm substance” (3) 

DISCUSSION 

In an earher publicahon (2) it was pointed out 
that against a calaum-fibnnogen system “globu- 


lm substance” behaved as prothrombin m the 
produchon of a fibnn clot It was also shown 
that in this regard the preparations from the cellu- 
lar free blood plasma of both normal persons and 
cases of hemophiha behaved m a sirmlar manner 
It was quite evident therefore that " globuhn 
substance ” contained prothrombin as defined by 
the dotting mechamsm 

The “ prothrombin hme ” as determined by the 
method of Qmck et al (8) of patients with hemo- 
philia IS normal A fall of 20 per cent of the total 
amount of prothrombin may occur, however, 
without appreaable change in the “prothrom- 
bin time ” (8) For this reason a normal “ pro- 
thrombin time ” would not necessanly mean that 
the addihon of more prothrombin could not force 
the coagulation mechamsm toward clot formabon, 
and hence decrease the coagulabon time of the 
blood It becomes necessary therefore to know 
whether the clot promoting acbvity of plasma 
described in earher investigations pubhshed from 
this laboratory (1, 2) can exist in the absence of 
prothrombin 

The present observations seem to answer this 
quesbon Both m the test tube and following m- 
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jeebon into patients with hemophiha the dot 
promotiDg activity occurs in plasma which con- 
tains no prothrombin Tlie same condusions so 
far as iii vitro expenments are concerned have 
been arrived at independently by Frank and 
Hartmann (6) and by Howell (11) who terms 
the active factor " plasma thromboplastin ' 
Recently Macfarlane has reported an mdivid- 
ual who had a prolonged coagulation time and m 
whose blood no fibrinogen could be found (12) 
Since the presence of fibrinogen in ' globulin 
substance ' has been recorded (2) , and since van 
ahons within ' normal ” limits in the fibrmogen 
content of the blood in hemophiha are known to 
occur It IS again necessary to differentiate the dot 
promoting activity from this protem 

The data presented m this paper and also the 
expenences of Howdl show that while fibnnogen 
IS present in euglobubn (2) and in "globubn sub- 
stance” prepared by acid precipitation, the re 
moval of fibnnogen does not destroy the dot 


promoting achnty of plasma. The in vitro ob- 
servahons of Howell and the data of the in vitro 
and in viva observations of the present com 
mumcation suggest that so far as the patients 
studied are concerned, the coagulation defect in 
hemophilia does not he in the prothrombin or 
fibnnogen fractions of the plasma proteins 
It IS not implied, however that defidencies in 
fibnnogen and prothrombin may not modify the 
action of normal human plasma or denvahves of 
It on the blood of certain cases of hemophiha 
Indeed Macfarlane s patient with congenital ab- 
sence of fibnnogen and our own expenences with 
2 atypical cases of hemophilia (13) would sug- 
gest that certain multiple defidenaes of factors 
controDing dotting may occur Such interrela 
tionships between the vanous substances present 
could be anhapated m a system of multiple com- 
ponents such as are concerned in the coagulation 
of the blood The present report shows only 
that there exists in cellular free normal human 
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factor as vfdl, m -wWch the rod phase is delayed 
(Figure 1 Curve 3) This is illustrated in Fig 
ure 1 by the difference between cone rod transi 
tjon points CR and CR' (Curves 2 and 3) In 
certain instances this brae factor, or speed, alone 
IS altered and the final threshold is normal In 
others, both the speed and final threshold are ab- 
normal On this account it is essenhal to the 
use of dark adaptabon in chmcal studies that a 
procedure he employed which follows the enbre 
course of adaptabon rather than one which con 
fines Itself to a single determinabon of the final 
rod threshold 

Meatureincntt 

For the purpose of this study 3 points m the 
curve arc considered to be of especial importance, 
namely the cone-rod transibon point, the 20-min 
ute rcadmg and the 40-ininute reading The 
transibon pomt gives an mdicabon of the speed 
of adaptabon the 20-mraute reading is the re 
sultant of several factors mcluding speed slope 
(which is a funcbon of speed) and threshold 
If any change in either speed or threshold occurs 
It IS generally discernible at the 2C)-nunutc read- 
ing The d^nunute reading is the final value 
reached with complete dark adaptabon. Since 
normal values fall within a narrow, defined range, 
an appreaable shift at any of these 3 points is 
considered to be abnormal 

Control ohservabons on IS normal subjects are 
recorded m Table I The cone-rod transibon 
point always occurred before 13 minutes , the 20- 
nnnute value did not exceed a log [ value of 4 0 , 
the final threshold did not exceed a log / value 
of 3 5 Differences of 0 3 log umts are consid- 
ered sigmficant m the same subject Sudi 
changes correspond to 100 per cent altcrabons m 
bnghbiess 

In Table II are recorded ohservabons on 35 pa- 
bents with vanous diseases, includmg rheumatoid 
arthnbs, lobar pneumonia, chrome nephnbs, dia 
betes raelbtus essenbal hypertension renal stone 
mulbple sclerosis In general, the values agreed 
with those obtained from nonnal subjects Mm- 
imal changes occurred in certam of these pabents 
However significant changes occurred m several 
with renal stone Although less constant these 
findings confirm in part the ohservabons of Euck- 
Bon and Feldman (23) Of 12 cases of renal 
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Darh adapUilion data on 15 nonruU 


Cue 



Lot thmbotd 

Cot»e-r?d 



8 

mlantu 

20 

mlurtu 

.■*0 

mlBntu 

UOB 

point 

R. M 

ytori 

30 

M 

58 

37 

3a 

minuUt 
12 1 

W M 

30 

M 

56 


34 

10 6 

uu 

30 

F 

60 

3S 

32 

ua 

C H 

40 

M 

6a 

39 

34 

120 

F K. 

40 

M 

60 

36 

32 

10 0 

W G 

40 

M 

62 

37 

33 

103 

D B 

34 

F 

61 

3 9 

3-3 

12^ 

I P 

27 

M 

60 

36 

33 

10 6 

D R. 

26 

F 

6 1 

40 

33 

10 6 

E.H 

40 

K 

61 

lA 

34 

nsi 

A. P 

34 

M 

57 

3J 

33 

10 4 

M A 

25 

K 

60 

38 

30 

12 0 

IP 

26 

M 

59 

37 

33 

96 

D S 

40 

M 

61 

4^ 

33 

12 0 

R.D 

30 

M 

58 

33 

30 

103 


TABLE n 

Dark odapicHon data on polttnis wiJh various dissasss 


Cam 

Ate 

Sex 

Let 

Uirabold 

(m/ovmirro- 

Cone* 

to4 

tmul 

I>U|Poem 



1 

otes 

iSf- 

nte* 

40 

rain- 

ntu 

tk« 

point 

U U 
H M 
K.M 

H T 

U H 
S.G 
A.J 

U L. 
S.U 
A*C, 
A.L. 

n 

E R. 

T R. 
M U 
M G 

L% 

SL B 

A R- 

F P 
R.S. 

D P 

LI 

B A ■ 
P T 

P E. 
W W 

y«OT7 

56 
40 
li 
31 
A3 
H 
28 
63 
31 

5i 

50 

28 

53 

46 

57 

72 

34 

35 
24 
20 
65 
28 
48 
26 
S3 

29 
U 

39 
23 
18 
23 

30 
30 

40 
35 

F 

81 

F 

F 

F 

F 

M 

F 

M 

U 

M 

M 

F 

XI 

F 

M 

il 

F 

U 

F 

F 

M 

M 

81 

F 

F 

F 

81 

M 

M 

M 

U 

81 

59 

5a 

oa 

59 

60 

6 1 

59 
64 
6J> 
6J 
6.4 

60 
64 

6J 

60 

SO 

50 

5.9 

50 

62 

60 

62 

62 

SO 

SO 

60 

62 

60 

62 

5 7 
60 
60 
6,7 
60 

39 
30 
SJ 

3 7 

40 
40 
34 
40 
30 
40 
40 
30 

4 t 
40 
59 
50 
30 
SO 
30 
30 

A 1 
40 
30 
40 
30 
30 
40 
27 
40 

4 4 

3 7 
40 
50 
44 
« 

3A 

30 

30 

30 

34 

30 

30 

30 

3 1 
30 
30 
37 

19 

3 1 
34 
30 
30 
30 
30 
30 
34 

3 4 
30 
30 

3 1 

20 
30 
30 
30 
30 
30 
34 
50 
40 

mimitUi 

130 

130 

llO 

80 

137 

no 

90 

UO 

no 

140 

94 

lOO 

IQO 

90 

190 

18 7 

no 

9 4 
lOO 
UO 
UO 
130 

no 

UO 

90 

lOO 

90 

no 

UO 

120 

no 

120 

no 

10 o 
lOO 

Rbenrantcid anlirtti* 
ROettmtoM nrtfarttln 
RbnrmnUid ulbxltU 
Rbeamatold tnhiltU 
Resnl ttean 

Retol etoM 

Rml etons 

Rntnl etooe 
itooe 

Rexml «tone 

Remlftone 

Reonittoce 

Rntnletoui 

Renal *1000 

Renal etoe* 

Renal 

Isobar ponmoela 
Lebaf pDenmoela 

Lobar ptKtunonia 
Lobar paciunosla 
Brandi asthma 
Ewmtlal hypertcnjlea 
Ecsefltlal brperteasloa 
Chronic aepnims 
Cbrocic oepbritis 
FeUacTA 

Dlabetca nteBltxts 
Dlahetcs radBtoa 
Amyloid disease 
MniUpie setefosia 
ilutUple acienMia 
8(aitit>(e sclarDiis 
Ifaltipta sderosif 
8inltl;Ae sdero^a 
llolBpie aderotis 


stone, 4 showed slight elevation of final threshold 
1 showed shght delay of rod function, while 3 
showed marked delay of rod function, quite like 
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tive relabon between available vitamin A and the regen- 
eration of visual purple in the retinal rods during dark 
adaptation. A number of recent studies (IS, 16, 17) 
have shoivn this relationship to exist The particular in- 
strument Used (18) allows examination of the full course 
of dark adaptation after exposure to a preadaptmg light 
The curves are prease and reproducible, the physiological 
day-to-day variation bemg greater than the experimental 
error The procedure is controlled with regard to bnght- 
ness, duration, color and retinal location of the preadapt- 
mg light as well as the ensumg dark adaptation of a 
sharply defined retinal area. The white preadaptmg 
brightness of 4700 millilamberts ^ is viewed by the subject 
for 4 mmutes The test light, a flash of 02 second’s dura- 
tion, passes through a violet filter (Commg 511) which 
transmits the spectrum only below 460 mu. The retinal 
region tested is a circular area whose diameter subtends 
3° visual angle and is located 7° nasally m the right eye. 
No arbfiaal pupil was used, as it has been demonstrated 
that the pupillary reflex error m rod measurements is 
dmically negligible under the conditions of the present 
experiments (19) 

1 Millilamberts = foot candles X 1 0764 , micromicro- 
lamberts = millilamberts X 10“ 


Types of dark adaptalwn 

In Figure 1 is illustrated the course of dark 
adaptation of 15 normal subjects (shaded area 1) 
by a plot of log threshold bnghtness in micro- 
microlamberts ^ as a function of tune m the dark 
After a 4-minute exposure to white hght 4700 
millilamberts, the first phase (a) of cone adap- 
tation takes place, to be followed by the rod phase 
(h) If the normal person is subjected to a diet 
low in vitamin A for a sufficient length of time, 
the final threshold becomes raised not only for 
the rods but also for the cones (20, 21, 22) The 
cone changes were noted onginally in cases of 
hver arrhosis ( 14) A similar curve of " simple 
defiaency ” is seen in the patient with obstruc- 
tive jaundice (Figure 1, Curve 2), whose night 
bhndness is related to malabsorption of vitamin 
A However, in patients with arrhosis of the 
hver, there may be not only a raised final thresh- 
old indicative of vitamin A defiaency, but a time 



Fig 1 Normal and Abnormal Dark Adaptation Curves 

The log threshold bnghtness is expressed m micromicrolamberts (millilamberts X 10“) The pomts mdicate smgle 
observations Those which appear violet to the subject fall on the cone portion of the curve and are denoted by solid 
symbols Those which appear colorless to the subject fall on the rod portion of the curve and are denoted by open 
symbols 

The shaded area (1) represents the range of variation in 15 normal subjects as well as the extent of extreme daily 
variation. Curve 2 is that of a patient with obstructive jaundice. This corresponds m shape to the curve of " sunple ” 
vitamin A deficiency In Curve 3, from a pafaent with curhosis of the liver, the rod-cone transiUon pomt is displaced 
and the final thresholds for both cones and rods are elevated. 
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Fro. Z Cbakcm m Dajuc Adaptatioh ot 4 Patirmti wits CaiHons or nut Lmt duiwc VrTAuni A Tnm^r 


The three curve* dnwn for each caie are lelecterf from actual readings made during the coane of vitamin A 
therapy The opper curves from Goes C and D reveal high cone and rod 6iml thresholds together with delay \n 
rod a^ptatloft. FoUowfag vitamin A therapy both of thetc functions improved. The procedure for measuring dark 
adaptation m Case C was somewhat different from the standard technique employed in the other cases (14) 

The lower curve* from Case* A and B reveal normal 6nal threshold* but aimonnal delay at the cone rod transi- 
tion point In patient* with curhcsls of the liver this type of change appear* to be the more cfaaractenatlc. These 
curve* aUo show the improvement that follow* ntamln A therapy 



0 SO 100 150 200 250 300 250 DAYS 


Fig. 3 Chahces ih thk 20'Mimnx DAax Adaptatioh Thimhoui with Vitamiw A THraArr 

The patient (Caie A) mt Jed 10000 LU vitamin A concentrate dafly for 1 month without apparent benefit 
Thj* period wa* followed by 1 month with 100 000 LU dally daring which a jlgnlficmnt improveme nt In dark adapta 
tlon wti obicrved. The dose was then increased to 200,000 unit* dally durmg which Imprcn'emcnt continued. After 
2 weeks of such therapy the patient received 2 Injections Intramuscularly of 100000 unit* which caused no further 
change. On dUcoatimiing treatment there followed a rise and subsequent decline of threshold. PartlaJ toprorement 
wa* maintained without specific therapy for 9 month*. 



612 


ARTHUR J PATEK, JR, AND CHARLES HAIG 


the alterations seen m patients with arrhosis of 
the liver 

Although the age and sex distnbubon of the 
above 2 groups differs from that of our patients 
with cirrhosis of the hver, earlier studies have 
indicated these differences to be of httle, if any, 
significance 

Observations on 24 cases of arrhosis are re- 
corded in Table III Fifteen showed delay at the 


TABLE m 

Dark adaplahon data on patients vnth arrhosts of the hver 



Aee 


Lob threshold 
(tnicromicrolamberls) i 

Cone-rod 

trand 



8 

mitiates 

20 

mlnotea 

40 

tninutea 

lion 

point 

1 

J H 

years 
60 ' 

1 

M ' 

6.3 

63 

33 

mtnults 

215 

J C 

63 

M 

63 

56 

39 

168 

W M 

55 

M 

62 

60 

40 

19 5 

B M 

40 

M 

63 

60 

33 

19 0 

A L 

57 

M 

62 

59 1 

3J 

18 0 

R C 

46 

M 

65 

54 1 

42 

15 5 

c J 

64 

M 

7 1 

69 

50 

19 0 

R T 

52 

M 

60 

44 

39 

15 5 

E W 

41 

F 

62 

46 

34 

15 3 

V T 

49 

M 

62 

49 

3 5 

ISO 

J K 

48 

M 

63 

50 


15 5 

M F 

45 

F 

6 1 

44 

34 

14 5 

I H 

61 

M 

6.5 

48 

40 

13 3 

T T . 1 

60 

M 

62 

44 

40 

116 

LeC 

58 

M 

6J 

52 

43 

11 8 

M 

49 

F 

70 

46 

4 1 

13 3 

F S 

53 

M 

63 

44 

40 

13 0 

E G 

45 

F 

69 

40 

3 7 

11 9 

W H 

38 

M 

70 

39 

3 7 

10 3 

R B 

60 

M 

60 

43 

35 

10 5 

M DeF 

49 

F 

64 

40 

34 

12 4 

E A. 

45 

F 

60 

40 

3 7 

12 0 

M 0 

38 

F 

62 

59 

34 

19 8 

P K. 

45 

M 

60 

38 

1 

32 



transition point, 19 showed high readings at 20 
minutes, 11 showed elevated final rod thresholds 
Of 6 cases with almost normal readings, 4 had 
received vitamin A concentrates for from 3 to 12 
months pnor to testing There was no apparent 
correlation betiveen the seventy of liver disease 
and the degree of derangement m dark adapta- 
tion 

Response to therapy 

After prehminary tests were made, the patients 
wth arrhosis of the liver were fed a diet nch in 
meat, green vegetables, milk, fnut, and eggs 
By calculation from food tables (24) it ivas esti- 
mated to provide at least 13,000 I U Vitamm A 


daily It also contained supplements of Vitamin 
“B complex” and ascorbic aad, in the form of 
thianun chlonde, brewer’s yeast, liver extract, 
and orange juice On this regimen 2 patients 
showed moderate improvement in speed of adap- 
tation after 7 months However in 5 other cases, 
similarly treated, no changes occurred after inter- 
vals varying between 6 and 18 months 

Concentrates of vitamm A“ were then admin- 
istered to several patients orally and parenterally 
in addition to the above diet Detailed observa- 
tions illustrating dosages used and the response 
to such therapy in 4 patients are shown m Fig- 
ure 2 The upper curves, from Cases C and D, 
reveal delayed cone-rod transition points and high 
rod and cone thresholds Both of these func- 
tions improved stnkingly after therapy The 
lower curves, from Cases A and B, reveal marked 
delay at the transition point but no elevation in 
final thresholds of either rods or cones These 
curves hkewise reveal the return towards normal 
values after therapy It is noteworthy that 
changes of rod function are confined almost en- 
tirely to alterations in speed 

Examination of the curves of Case D (Figure 
2) reveals marked increases m the slope or speed 
of the cone function which parallel increments 
in the speed of the rod function This subject 
had a pupil which was fixed with respect to light 
stimuli at a diameter of about 6 mm , whereas 
the other subjects, who showed no measurable 
change in cone speed, had normal pupiUaiy light 
reflexes Comparable improvements m the speed 
of the cone fimctions of Cases A, B, and C might 
have been detectable if a constant pupillary 
aperture had been employed in making the meas- 
urements Just such a discrepancy between 
measurements made with and without a constant 
pupillary aperture are predictable from recent ex- 
penments (19) on the effect of the pupillary 
light reflex upon cone dark adaptation measure- 
ments 

In order to show the changes that occurred 
over several months’ observations, the 20-mmute 
rod readings were selected for comjianson in 
these cases (c/ Figures 3, 4, 5, 6) In Cases A 

* A concentrate of the National Oil Products Co^ New- 
ark, N It was diluted with peanut oil to make appropnate 
doses Oil for parenteral use was autoclaved m air-tight 
bottles. 



THE VARIABIUTY OF PROTEINURIA IN THE HYPERTENSIVE 
COMPLICATIONS OF PREGNANCY 

By LEON C CHESLEY 

{From the Defwlrmnt of Biochemistry Margaret Hague Moiermiy Hosfntal Jersey Ciiy) 
(Rcccnrcd for piibHcabOQ July 10, 1939) 


Proteinuna m eclampsia was first descnbed by 
Lever (1) m 1843 and since that time has been 
interpreted by many wnters as a si^ of a renal 
lesion underlying the toxemias of pregnancy In 
late years however artenolar, and possibly capil 
lary spasms have been advanced as an explana- 
tion for the leakage of protem through the glo- 
merular capillaries, not only m the toxemias of 
pregnancy but also m acute glomerulonephritis 
and in essential hypertension (Volhard (2) Imng 
(3) ^^tman (4)) In a recent paper Chesley 
Markowitz and Wetchler (5) have shown that 
even very transitory vasospasm does result m 
protanuna 

Perhaps a study of the vanabihty of protem 
leakage into the unne during successive periods 
would yield data pointing toward one of the other 
alternative interpretations of protemuna m toxe- 
mia« In the presence of a diffuse renal lesion 
one might expect a nearly constant leakage of pro 
tciiu On the other hand if the proteinuna were 
caused by vascular constnction the protein leak- 
age might fluctuate from moment to moment, wax- 
ing and wTinmg with more and leas mtense vas- 
cular spasms If the penods of observabon be too 
long It is conceivable that the proteinuna might 
‘ average out As the first approach to the prob- 
lem the unne output has been collected at hourly 
intervals The plasma clearance of endogenous 
creatiiune has been determmed as a rough mcas 
ure of the glomerular filtration and compared 
with the protein excretion This companson per- 
haps enables one to calculate the approximate con- 
centration of protein in the glomerular filtrate (see 
below) in o^er words, tlie calculation gives the 
protem leakage through the glomerular capiUanes 


dude a rapid and excessive gam m weight hyper- 
tension proteinuna, and edema all appeanng for 
the first time late in the pr^Tiancy — usually m the 
order mentioned — and disappeanng rapidly fol- 
lowing delivery Renal function is normal inso- 
far as It IS shown by the urea dcarancc Nearly 
all patients used were pnmigravidae. The cn 
teru for Bright s disease are hypertension, pro- 
teinuna edema hematuna and persistently low 
ered urea dearance In nearly all cases used m 
this study some of these signs were knomi to 
have existed either before the pregnancy or early 
in the pregnancy Follow up of these pahents 
proved these signs to ibe persistent Subjects m 
both groups were used, as were a few non preg- 
nant nephnbes from the Jersey Gty Medical 
Center In almost all cases the patents were 
onteportum and near term Two of the pregnant 
nephnbes were in thar fourth and sixth months 
of gestabon Four unne specimens were collected 
by catheter at hourly intervals ilidway m the 
test penod blood was taken for a plasma creatmme 
dcterrainabon. 

The unne was centnfuged at 1500 rpun for 
ten minutes and the dear supernatant fluid was 
used in all analirses. 

Unnary protein Duplicate samples of from 
0 5 to 5 ml of unne depending upon the degree 
of proteinuria were diluted to about 10 ml m 
centnfuge tubes Two ml each of 10 per cent 
sodium tungstate and % n sulfunc aad were then 
added After preapitatmg overnight the protem 
was thrown down hy centnfugabon the super- 
natant fluid decanted and the protem redissolved 
in 1 ml of 10 per cent sodium tungstate. After 
dilubon to about 14 mb, 1 ml of % n sulfunc 


MATERIAL AITO UETHQus 

Patients were selected m whom the differenbal 
diagnosis could be made between preedamptic tox- 
emia and Bnght s disease comphoted by preg 
nancy The entena for preedampbe toxemia m- 


aad was added The following day the preapi- 
tates were again centnfuged down dissolved in 
dilute sodium hydroxide nnsed into N P N 
tubes and digested with sulfunc aad and hydrogen 
peroxide the solufaons were ncsslenzed and read 
against nitrogen standards of comparaNe color 
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There remains the implication that m addition 
to the above possible causes for vitamm A defi- 
aency, the injured liver alters the intermediary 
metabolism of vitamin A This is supported by 
the observation that certain cases show only delay 
of response but ultimately reach normal thresh- 
olds In other words, the reserve for visual 
purple and hence vitamin A was suffiaent to al- 
low a normal threshold to be reached, but the re- 
generation of visual purple was impeded 

SUMMARY AND CONCLUSIONS 

1 Abnormal dark adaptation was observed in 
19 of 24 patients with arrhosis of the liver 

2 In certain patients both elevation of the final 
rod and cone thresholds and delay of rod dark- 
adaptation occurred In most instances only the 
latter change took place 

3 These changes were unrelated to jaundice 
They tended to persist in the presence of a nu- 
tntious diet, nch m -vitamin A 

4 The admimstration orally and parenterally 
of -vitamin A concentrates -was followed by exten- 
sive improvement Cone and rod thresholds 
ivere lowered, and speed of adaptation W 2 is m- 
:reased After discontinuance of therapy this 
mprovement was only partially maintained 

5 These findings suggest that abnormal dark 
idaptabon in patients with arrhosis of the hver 
:s due chiefly to altered intermediary metabohsm 
jf -vitamin A. 
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The greatest -vanation occurred m a young boy 
with rapidly progressing chronic nephnbs and hy- 
pertensive encephalopathy , in such a case vascular 
disturbances may well have been present 

This relative constancy of protein filtration m 
Bright 3 disease has been previously shoivn by 
Hanns (11) who found a parallelism between 
protemuna and freezing point depression in urme 
samples taken at mtervals dunng the day Bmg 
(12) was perhaps the first to show the parallehsm 
between creatinine excretion and protem excre- 
bon and to calculate the (approxiinate) concentra- 
tion of protem in the glomerular filtrate. He 
found m renal disease ohly slight vanation in the 
protem filtration over very short penods of time 
(8- to 12 mmute intervals) Bmg presents fur- 
ther confirmatory studies m a later publication 
(9), which also show a constancy m protem fil 
trabon from dav to day 

The findmgs m 6 pregnant nephnbcs (8 deter- 
rmnabons) are presented in Table I As in non- 
pregnant nephnbcs the protein filtrabon was 
nearly the same from hour to hour In one case 
the test was repeated after 2 weeks and m an 
other case after 5 months (pabents sbH pregnant) 
In both the protem concentrabon m the gloraeru 
lar filtrate had not changed much m the mterval 

In contrast to the nearly constant protem filtra- 
bon m each individual m the two groups of neph 
nbcs, there is marked vanation from hour to 
hour among the eclampbc and preeclampbc pa- 
bents. In one eclampbc the protem concentra- 
bon m the giomenilar filtrate vaned from 027 to 
1 60 rogm per hundred mh (492 per cent vana- 
bon) In one hypertensive toxerma pabent with 
markedly labile blood pressure the protem filtra- 
bon vaned by 300 per cent The least vanabon — 
00 cent— ~was found m a pabent with mild 

preeclampbc toxerma. Most of the pabents 
showed vanabons from 30 to 80 per cent, with a 
few running higher The findmgs in 18 tests are 
summarized m Table I 

The fluctuating protemuna shown guanbta- 
bvely by these studies is a matter of common 
clmical observabon Many pabents with toxemia 
of pregnancy show markedly variable urinary pro- 
tem concentrabons from morning to mormng 
While the level of diuresis accounts for much of 
this, It cannot explam a famt trace on one day, a 


4 plus on the next, and perhaps a 1 plus on the 
third day 

Possibly the detertnmabon of the protein filtra 
bon, m successive hours, will prove to liave some 
value m differenbabng between so-called speafic 
toxemia of pregnancy and Bnght’s disease m cases 
where the clmical diagnosis is eqmvocal In the 
present study, care has been taken to select pa- 
bents in whom the differenbal diagnosis could be 
made with some confidence. Further studies of 
doubtful cases, with diagnosis made by follow up, 
are in progress Qmte probably some pregnant 
nephnbcs will also have toxemia of pregnancy, 
m such cases the protemuna would be likely to 
fluctuate somewhat 

One case of rapidly progressing inabgnant 
nephrosclerosis was studied in the fourth month of 
pregnancy and after aborbon (Table I) As the 
urea clearance fell from 32 per cent to 1 3 per cent, 
the concentrabon of protem m the glomerular fil- 
trate increased greatly, from 4.59 to 68.5 mgm 
per cent. 

Finally it might be emphasized that the pro- 
temuna of eclampsia and preeclampsia is quib 
vanable This variability might be mterpretal tc 
mean that an important causabve factor for the 
protemuna is funcbonal rather than anatomic 
The funcbonal changes are probably vasculai 
spasms, as suggested m the introduction above 
This was the hypothesis upon which this study was 
undertaken 


SUM MARY AND CONCLUSIONS 


It IS assumed that dividing the concentrabon of 
unnary protem by the mho of unnaiy creabmne 
to plasma-endogenous creatmlne will give the con- 
centrabon of protem m the glomerular filtrate, or 
a value proportional to it 
Four urine specimens collected at mtervals of 
an hour, were taken from 6 pregnant and 5 non- 
pregnant nephnbcs and from 4 eclampbc and 9 
preeclampbc pabents The "protem filtrabon " 
was calculated and the variability from hour to 
hour was detemimed. 


In nephnbcs, pregnant or not, the protem Car- 
bon show 5 very htlle vanabon from hour to km 
In toxemia of pregnancy, the protem 
is variable. It is suggested that this arrnsf ^ 
a funcbonal cause (vascular spasms) r- 


proteinuna. 
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Plasma creattnme The method of Fohn and 
Wu (6) ■\^as used for the determination of plasma 
creatinine 

Urinary creatinine Fohn’s method was used 
for unnary creatinine AH determmations were 
done m duplicate Ahquots of urme were chosen 
which would give close colonmetnc matches with 
the standard 

Calculations The concentration of unne pro- 
tein has been divided by the concentration ratio of 
plasma creatimne to unne creatmine If the 
plasma clearance of endogenous creatmine meas- 
ures the glomerular filtration (7) this computation 
gives the level of protein in the glomerular filtrate 
If not quite all of the “ apparent creatmine ” of 
the plasma is creatmine, or if there is some tubular 
secretion of endogenous creatmine, the calculation 
gives a figure proportional to the protein content 
of the glomerular filtrate If the secretion (if 
any) of creabmne does not vary with filtration, 
the calculated filtration of protem will vary mde- 
pendently of the actual protein leakage , %e , the 
calculation of protem filtration by this means 
would not be vahd It -will be assumed that the 
calculation is valid The same assumption has 
been made for smular calculations by Bing (8) 
and by Berglund, Scriver and Medes (9) for 
exogenous creatmine which does appear to be par- 
tially secreted by the tubule ceUs (10) Whether 
the assumption be valid or not, results were ob- 
tained m speafic toxemia diffenng from those 
found m Bnght’s disease 

RESXTLTS AND DISCUSSION 

The reliability of the analytical methods was 
checked repeatedly by doing quadruphcate analy- 
ses of a unne for creatmine and protem The 
lowest protein value was divided by the highest 
creatimne, and the highest protem by the lowest 
creatimne From the results of this check, it was 
found that the average analytical error for the 
calculation of the “ protem filtration ” -was about 
5 per cent, m one instance the error was as high 
as 12 per cent 

To test the i^hdity of the hypothesis that a 
diffuse renal lesion should result m a nearly con- 
stant leakage of protein, demonstrated by measure- 
ment of the protem filtration, a control senes of 
non-pregnant nephnbc patients has been studied 


TABLE I 


Prolein fillralton in pregnant and non pregnant nephnttcs 
and in eclampsia and preeclamptic toxemia ' 


DlagnoslB 

Protein in elo 
inenilar filtrate* 

Mtud 

mal 

varla 

tlon 


Lowest 

Hlghert 


mtm 

per 

coit 

mem 

Per 

cent 

per 

uni 


NON-PREGNANT NEPHRITICS 


Chronic ^lomerulo-nephritis 

664 

7 10 

7 

Nephrotic syndrome 

Chronic glomerulo-nephritis with 

9 95 

11 71 

18 

hypertensive encephalopathy 
Ditto (same patient 2 weeks later) 

196 

2 36 

19 

31 5 

38 9 

24 

Chronic glomerulo-nephritis 

2 53 

2 81 

12 

Chronic glomerulo-nephntis 

0 144 

0 153 

6 


PREGNANT NEPHRITICS 


Nephrotic syndrome 

15 60 

18 50 

18 

Chronic glomerulo nephntis 

8 46 

8 83 

4 

Chronic glomerulo-nephritis 

7 98 

9 20 

IS 

Chronic glomerulo-nephntis 

8 59 

9 71 

13 

Ditto (same patient 5 months 




later) 

10 4 

12 4 

19 

Benign nephrosclerosis (?) 

3 16 

3 59 

13 

Ditto (same patient 2 weeks later) 

3 49 

4 05 

16 

Pyelonephritis 

0 93 

100 

8 


TOXEMIA OF PREGNANCY 


Eclampsia 

1 

4 17 

5 52 

32 

Exlampsia I 

2 22 1 

2 94 

32 

Ditto (same patient 2 days later) 

3 98 

5 96 

50 

Eclampsia 

0 27 

1 60 

492 

Eclampsia 

10 95 

14 40 

32 

Severe preeclampsia 

105 

1^7 

50 

Severe preeclampsia 

3 SO 

5 60 

60 

Severe preeclampsia 

1 56 

2 69 

73 

Mild preeclampsia 

4 52 

5 73 

29 

Mild preeclampsia 

1 10 

193 

76 

Mild preeclampsia 

5 42 

8 16 

51 

Mild preeclampsia 

2 37 

3 48 

47 

Mild preeclampsia 

4 18 

7 45 

78 

Mild preeclampsia 

640 

864 

35 

Hypertension 

0 77 

104 

36 

Hypertension, blood pressure 
markedly variable 

0 09 

0 34 

303 

Unclassified 

2 95 

8 59 

191 

Unclassified 

1 65 

240 

45 

1 


PREGNANT, MALIGNANT NEPHROSCLEROSIS 


Malignant nephrosclerosis 1 

4 59 

5 62 

23 

Ditto (same patient 4 weeks later) I 

5 72 

6 37 

11 

Ditto (same patient 10 days later) 

31 60 

68 50 

117 


* See text for qualifications and reservations 


As Table I shows, the vanation m protein filtered 
from hour to hour is not very great In 3 of the 
5 cases it does not exceed the analytical error 



CUNICAL STUDIES OF THE BLOOD VOLUME VIII MACROCYTIC 
AND HYPOCHROMIC ANEMIAS DUE TO CHRONIC BLOOD 
LOSS, HEMOLYSIS AND MISCELLANEOUS CAUSES, 

AND POLYCYTHEMIA VERA* 

By JOHN G GIBSON 2d ALFRED W HARRIS akd VERNE W SWIGERT 
(From the Medical Clnuc of ike Peter Bent Bngham Hostniai and the Department of Medicine 
Harvard Medicat School and Ihe Robert Davfson Evans Menional for 
CUnjcal Research and Preventwe Medicine Boston) 

(Received for publication Jul> 13 1939) 


Early studies of the blood volume m secondary 
anemia leave considerable doubt concerning the 
actual state of the blood volume and the rdation 
thereof to tlie seventy of the anemia Katli 
Rowntree and (jeraghty (1) concluded from the 
results obtained with the onginal dye method that 
‘ considerable vanation exists m the total blood 
volume and plasma volume m cases of secondary 
anemia. Subsequent limited studies utilmng 
modifications of both the carbon monoxide and the 
dye method have found plasma increased (1 2, 

3 and 4) normal or not increased (15 6 and 
7) Total blood volume was considered as in 
creased despite decreased red cell volume (2 3 
and 4), withm normal limits (1) or decreased (3, 

4 5 6 and 7) In chlorosis total blood volume 
was found to be high (3 and 8) or decreased (2) 

Tins confusing state ot affairs arose probably 
as much from a failure to classify anenuas etio- 
logically as from the discrepanaes m accepted nor- 
mal standards of the widely varying and none too 
rehable techniques employed None of the above 
authors could find any relationship between the ab- 
normality of blood volume and the seventy of the 
anemia However Robertson and Bock (9) 
found a markedly decreased total blood volume 
m soldiers after hemorrhage, frequently as low as 
60 per cent of normal They stated that after a 
certain point the reduction m volume seemed to 
parallel the decrease in blood pressure. At this 
stage thty thought the blood volume was not re 
stored by body fluids, since such replacement 
would but further dilute the blood and lower hemo- 
globin concentration In this cntical condition 
anv increase in total blood volume was considered 


iThis study was aided bv a grant from the Proctor 
Fund for the Study of Chrooic Diseases Harvard Medi- 
cal SchooL 


to be due to an mcrcase m red cells only Bock 

(10) stated that m chronic anemia “the blood 
volume IS dimmished in direct proportion to 
the decrease in corpuscles ' Gnesbach (3) stated 
that m ' healed cases of secondary anemia the 
blood volume was parallel to the state of healmg 
The most thorough study of the relationship of 
blood volume to anemia is that of Bennett et al 

(11) in 1938 In their opimon “the estimation 
of blood volume is a genuine entenon of the se- 
venty (of anemia) as mdicated by the fact that 
the fatal cases compnsed a group in whom the 
blood volume was notably reduced ' 

The subject of blood volume m polycythemia 
vera has received a great deal of attention all 
workers agreeing that the total blood volume is 
tremendously increased (2 10 and 12 to 19 mclu 
sivc) due almost entirely to a great volume of 
arculatmg red cells, the plasma volume being 
cither normal or slightly increased (10) or dc 
creased (14 and 15) Haden (19) considered 
that the red cell count gave too low an index of 
the total increase m red cells but tliought that 
the red cell mass per kilogram of body weight ^vas 
the most sensitive indicator of the changes In the 
red cells 

Since we have found a striking relationship be- 
tween the seventy of anemia and the level of 
plasma arculatmg red cell and total blood volume 
in pcmiaous anemia (20) and in Bnght s disease 
(21), It seemed worth while to make a similar 
study of secondary anemia The mam interest of 
such a study is to correlate the blood volume level 
vnth the clmical course and m light of these find 
ingB to evaluate from a chmcal standpomt the com 
mon laboratory entena of anemia the red cell 
count hemoglobin and hematoent It also seemed 
of interest to make similar studies m cases of poly 
cythemia vera for comparison with results f ’ 
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in anemia, smce frequently the subjective sjrnip- 
toms of both conditions are very similar 

MATERIAL STUDIED 

Thirty-two patients ^vlth anemia from the 
Medical and Surgical Wards of the Peter Bent 
Bngham Hospital and 9 from the Robert Dawson 
Evans Memorial, Boston, were studied Of these, 
8 males and 12 females had anemias due to blood 
loss, 2 males and 9 females had hypochronuc ane- 
mias of unknown cause, 3 males and 3 females 
had so-called macrocytic anemias, and 2 males and 
2 females had hemolytic anemias due to congemtal 
hemolytic jaundice, malaria or sulfamlamide in- 
toxication In 7 males and 9 females repeated 
determinations were made during recovery None 
of these cases were in an acute hemorrhagic stage, 
sufficient time having elapsed behveen the onset of 
hemorrhage and the determmation of blood vol- 
ume to permit physiological compensation by tissue 
flmd to take place Adequate fluid admimstration 
was earned out in this interval In this study we 
were not concerned with volume changes immedi- 
ately after acute blood loss No patient in the 
group studied succumbed to anemia and many 
whose course ivas not followed made complete re- 
covenes on iron therapy, transfusion, or both 

Of the 11 cases of polycythemia vera studied, 
5 males and 3 females were from the Medical 
Service of the Peter Bent Bngham Hospital and 
1 male and 2 females from the Robert Dawson 
Evans Memonal In 2 males and 1 female re- 
peated determinations were made dunng the 
course of treatment 

METHODS 

Plasma and total blood volumes and hemato- 
ents were determmed by methods previously de- 
senbed (22), venous pressures by a direct mano- 
metne method (23), circulation time by means of 
decholin (24), and hemoglobin content of venous 
blood by a modification of the method of Osgood 
and Haskms (25) Height was taken as the ba- 
sis for the prediction of normal blood volume 
Normal ralues for hematocrit were taken as 44 per 
cent and 40 per cent (26), for red blood cell counts 
as 5,480,000 and 4,920,000 cells per cu mm of 
blood, and for hemoglobin content of venous blood 
as 15 4 and 14 8 grams per 100 cc. of whole blood 
(27), for males and females respectively 


RESULTS 
Blood volume 

Absolute plasma, arculating red cell and total 
blood volume m the 16 cases of anemia followed 
dunng recovery are shoivn in Table I in relation 
to the red cell count Plasma volume was above 
the range of average normal value in all except 
3 cases In those cases with higher than normal 
volumes there ivas a general tendency for plasma 
to decrease as the red cell count rose In 2 of the 
cases ivith subnormal values plasma volume in- 
creased dunng recovery Circulating red cell 
volume was below normal in all cases and in- 
creased as the red cell count rose There was a 
definite tendency towards a direct relationship be- 
tween the degree of lowenng of red cell volume 
and anemia 

At the time of the imtial determination only 5 
cases had a total blood volume above normal 
Dunng recovery total blood volume fluctuated but 
there was a general tendency for the total blood 
volume to increase m the cases in which subnormal 
values were found and to decrease in those in 
which higher than normal values were found at 
the imtial determination, and with 3 exceptions 
total blood volume was within the range of nor- 
mality at a level of from 4 5 to 5 5 million red cells 

Considered from the point of view of pre- 
dicted normal blood volume for the individual, 
there was some discrepancy in plasma, arculating 
red cell and total blood volume in relation to the 
red cell count as illustrated m Figure 1 Whfle 
the average trend of plasma volume was to be 
above normal at a low red cell count, decreasing 
dunng recovery, the spread of cases above and 
below normal was considerable This character- 
istic was not peculiar to any one of the etiologic 
groups 

Circulating red cell volume was below the pre- 
dicted normal red cell volume for males and fe- 
males in all but 1 case (Case EM-9A with macro- 
cytic anemia) at the time of the imtial determina- 
tion The trend toward a direct relationship be- 
tiveen the defiat in red cell volume and level of 
anemia, indicated by the average hne in Figure 1, 
was much more defimte than m the case of plasma 
volume ' 

Total blood volume was subnormal in ^llI but 6 
instances at the time of the miticd observation and 
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Fig. I Chawgu ih Blood VoLUire ih Secomdajiy AKtuix n» Rjclatioh to NautAt 
Symbols refer to ctioIogK srewps as follows anemia due to blood loss O hypodirormc 
anemia, cause tmknown C macrocytic anemia • and hemolytic anenrua ® ^Vhi^e there are 
wide variatiotis m volume, the average trend m secondary anemia, indicated by the heavy black 
lines u for plasma volume to be above and total blood volume to be below normal in severe 
anemia, due to a greatly diminished red cell volume. As the red blood cell volume increase* 
the relationship of change* m plasma and red cell volume 1* tuch that the increase in total red 
cell mass bears a direct relationship to the erythrocyte leveL 


the trend was to be low irntH the red cell count rose 
to approximately 4 million cells However, the 
relationship between total blood volume and level 
of anemia was distinctly less evident than m the 
case of the arculatmg red cell volume. 

The data obtained m the cases of polycythemia 
vera are summamed m Table 11 In the un- 
treated stage total blood volume ^^ras well above 
normal for the individual without exception as 
shown m Figure 2 and the increase was defimtdy 
m relation to the red cell count Plasma volume 
was below normal m 7 and above normal m 4 cases 
when first observed the average trend beating no 
relationship to the red cell count Grculating red 
cell volume was definitely increased m all cases, 
being greater than 150 per cent above normal in 6 


of the 11 cases m the untreated stage. Case 383 
■svith a red cell count of 14 065 million cells had a 
arculating red cell volume of 388 per cent above 
normal The linear relationship between the de- 
gree of increase above normal in total arculating 
red cell volume and red cell count ^va3 equally as 
striking as in the cases of anemia 
Treatment consisted of repeated phlebotomies in 
2 cases No significant change in plasma volume 
resulted but large reductions m arculabng red 
cell and hence in total blood volume, were ef- 
fected and these followed closely to the general 
trend in relation to red cell count In Case EM- 
14 the removal of a total of 8,000 cc. of blood by 
repeated phlebotomies during a penod of about 
11 weeks reduced the arculating red cell volume 
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nCO BIOOO CELL IN KiLirCWC 


Fio Z. Blood Volom* in PotYcrnrEuiA Vcax 


Black circles represent males and open circles females Solid lines indicate the changes in individual cases Total 
blood volume is greatly mcreased due to an increase in drcnlating red cell volume. The average trend of mcrease 
in red cell volurac constitutes a contmoation of the Ime representing a direct relationship between the level of 
total red cell mass and red blood cell count obtaining in secondary anemia. 


from 183 per cent above to 35 6 per cent below 
normal and total blood volume from 59.2 per cent 
above to 26 3 per cent below normal 

Circulahcm ttme 

Grculation tame tended to be fast in anemia 
and slow in polycythemia as indicated m Figpire 3 
In the former group m 9 instances the arculation 
tune was slower than 20 seconds and m 20 faster 
than 15 seconds while m the latter group of 16 
observations 4 were slower than 20 seconds and 
only 4 faster than 15 seconds None of tliese 
patients showed any evidence of congestive heart 
failure or of metabolic disturbance. When both 
groups were considered as a whole there was a 
continuoiis slowing m circuIatiOE tunc accompany 
mg an increase in erythrocyte level In the group 


of anemias no one cbologic group exhibited any 
particular deviation from the general trend 

Venous 

In anemia venous pressure vaned between 30 
and 150 mm. of ^vater averaging about 50, and 
m polycythemia vera between 30 and 115 mm of 
water averaging about 40 There was no rela 
bonship bebveen the venous pressure and total 
blood volume during the severe stages or during 
penods of chnical improvement m cither anemia 
or polycythemia vera 

DISCUSSION 

From these results it seems reasonable to con 
dude that secondary anemia is characterired by a 
low total blood volume, due primarily to a great 
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Findings in 11 cases of polycythemia vera 
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Fio. 4 Nomocram nm Estimation or Dtncrr rw Cnt 
cuLATiNo Red Cell Volume in SECownAiy Anemia 

red cell volume obtaimng m a given case at any 
level of anemia. Furthermore some idea can be 
gained of the amount of whole blood that need be 
admimstered to restore the arculating red cell vol 
ume to normal Chronic anemias of the type 
studied sometimes require transfusion as a life- 
saving procedure and no guide for estimating 
transfusion requirements is in common use. This 
requirement may be computed as follows Normal 
circulating red cell volume may be derived from 
predicted normal total blood volume on the basis 
of cither height or surface area, using the nomo- 
gram in a previous communication (26) and tak 
ing the hematocrit values as 44 and 40 for males 
and females respecUvcly The theoretical per- 
centage of reduction from normal at any given 
level of red cell count hemoglobin or hematocrit 
may then be denved from the curves in Figure 4, 


and the actual defiat in circulating red cell volume 
computed by multiplying the denved normal ar- 
culatmg red cell volume by this percentage. If 
the average hematoent value of donor^s blood be 
considered as 40 the total amount of whole blood 
required to restore the patient’s arculating red cell 
volume to any desired level may be computed 
It should be emphasized that, while this com- 
putation is valid within the above stated limits for 
cases of chronic anemia, it may not be m cases of 
acute blood loss in the immediate post hemorrhagic 
penod or while hemorrhage is continuing Ben- 
nett, et al (11) followed the course of the blood 
volume by a dye method in 122 cases of severe 
gastro-mtestmal bleedmg and concluded that “ as- 
sessments of the seventy of anemia based on he- 
moglobin estimations are liable to grave error, par- 
ticularly m the hours just following hemorrhage 
when dilution by plasma may by lowenng the he 
moglobm concentration, give a false idea of the 
true level of total red cell volume, ’ Tlicy also 
stated that the ' determination of blood volume is 
a real entenon of the seventy of anemia” and 
that ' the red cell portion of the blood volume is 
the all important factor ’ We feel that the dye 
method used by these authors is open to cntiasm 
(22 and 28) It is quite possible that the lack of 
correlation between hemoglobin and red cell vol- 
ume noted may have been due to technical aber- 
rations We agree with these authors concerning 
the importance of the blood volume determination 
m assessing the seventy of anemia and with the 
concept that the defiat in red cell mass is the one 
important fact from the clmical point of view m 
evaluating the seventy of anemia 
It 19 worthy of comment that, as regards the 
state and course of blood volume m anemia with 
a few unimportant exceptions all anemias are es- 
sentially similar as shown m Figure 5 Regardless 
of etiology the arculating red cell volume exhibits 
the same characteristics in all anemias 

Our findings m polycythemia vera are m keep- 
ing with those previously reported It is impres 
sive to reahze the truly enormous quantity of blood 
contamed within the vascular bed of these patients, 
many of whom were cachectic and emanated 
Haden (19) found that the red cell count did 
not accurately measure the total increase m red 
cells since it was relatively too low ' As shown 
in Figure 2 the relationship of plasma, arculating 
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Fig 3 Circulation Time in Secondary Anemia and Polycythemia Vera 

Symbols refer to ebologic groups as follows anemia due to blood loss O, hypochromic 
anemia, cause unknown O, macrocytic anemia •, hemolytic anemia ®, and polycythemia 
lera A Circulation time becomes progressively slower as the erythrocyte level mcreases 


reduction in the arculating red cell volume, despite 
an increased plasma volume While in the indi- 
vidual case total blood volume may be wthm nor- 
mal limits, the arculating red cell volume is below 
normal and the deficit in red cell mass is in direct 
relationslup to the seventy of the anemia as evi- 
denced by the red cell coimt, hemoglobin deter- 
mination or hematocnt level Dunng recovery 
there is an increase in arculating red cell volume 
and the relationship of changes in plasma and red 
cell volume is such tliat this increase tends to be 
directly proportional to changes in the red cell 
count, hemoglobin determination and hematocnt 
level 

This same relationship ivas observed in the cases 
of polycythemia vera The theoretical slope of 
the direct relationship betiveen the level of anemia 
and arculating red cell volume is shoivn in Figure 
1 by the broken line It is of some interest that 
the average of the deviation from predicted nor- 
mal arculating red cell volume m the cases of 
polycythemia vera shonm in Figure 2 constitutes a 
continuation of this line Changes in arculating 
red cell volume effected by phlebotomy and occur- 
ring dunng relapses tended to follow this line 
closely 


This characteristic of the course of the arculat- 
mg red cell volume in anemia offers a valid basis 
for the evaluation of the significance of the red 
cell count, hemoglobin determination and hemato- 
cnt as clinical guides to the seventy of anemia in 
a given case By reference to the curves for the 
theoretical direct relationship of arculating red 
cell volume to red cell count, hemoglobin or he- 
matocnt shown m Figure 4, the theoretical defiat 
in red cell mass can be estimated The agreement 
between this theoretical and the actually deter- 
mined defiat in red cell mass should furnish a clue 
to the usefulness of the procedures m question 
The best correlation obtains m the case of the 
hematocnt level in which m 61 observahons 90 
per cent of the cases fell within plus or minus 20 
per cent and 69 per cent within plus or minus 15 
per cent of the theoretical value The correlation 
with the red cell count was less good and that with 
the hemoglobin determination was least good of 
the three procedures For clinical purposes it 
would appear that the hematocrit gives a better 
index of the seventy of anemia than does the red 
cell count or the hemoglobm determination 
With these facts in mind certain deductions can 
be made concenung the actual defiat m arculating 
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capaaty of a unit mass of blood due to the red cell 
defiat and plasma dilution, the rate of flow is m- 
creased m relation to the lowered viscosity of the 
blood Dunng recovery the significant change is 
the increase in arculating red cell volume, and 
the relation of this mcrease to the course of plasma 
volume IS such that total blood volume slowly rises 
from the subnormal level present in the severe 
stages to withm normal limits for the mdividual 
when recovery is complete. 

It IS therefore evident that at cntical levels of 
anemia, even though dehydration may be severe, 
the administration of fluids, especially intra- 
venously, may by further dilution lower the eery 
gen capaaty of the blood to dangerous and even 
fatal levels This study also emphasizes the mag- 
nitude of reduction in arculating red cell voltone 
m severe anemia and stresses the large amount of 
transfused blood necessary to raise red cell volume 
above critical levels The great difference m nor- 
mal total blood volume and hence red cell volume 
in males and females as well as those differences 
due to haght and surface area must be considered 
in determining the amount of whole blood neces 
sary for restoration of the arculating red cell vol- 
ume to normal 

The techmeal procedures and time required for 
blood volume dctcnnmation by the only satisfac- 
tory and reliable methods now avaflable are such 
as to preclude them for routmc climcal use, al- 
though the value of the detenmnation m a cntical 
case IS obvious Fortunately, there b a fairly 
good correlation between circulating red cell 
volume and hematoent level m chrome anemia 
or m acute cases after l^dration of the blood 
has occurred The hematoent is a better cn- 
tenon of the degree of red cell volume defiat 
than either routme red ceU cotmts or hemoglobin 
determmationa 

In polycythemia vera the significant change is 
the tremendous increase m circulating red cell vol- 
ume It 13 apparent that therapeutic bleeding 
greatly dimimshes the mcreased red cell mass and 
this fact justifies the use of this therapeutic meas- 
ure m this disease Marked clinical improvement 
resulted in the phlebotomized cases and tympto- 
matic improvement was mamtamed as long as the 
total blood volume was kept down by repeated 
bleedings 


CONCLUSIONS 

1 In chrome anemias, regardless of etiology, 
plasma volume is above and arculatmg red cell 
and total blood volume are below normal 

2 During recovery the relationship between the 
mcrease m circulating red cell and the decrease m 
plasma volume is such that total blood volume 
slowly increases, returning to wthin normal hmita 
when recovery is complete. 

3 For clinical purposes the hematoent level is 
a better entenon of the degree of defiat in arcu- 
lating red cell volume than the red cell count or 
hemoglobm determinabon. 

4 Polycythemia vera is characterized by an m 
creased total blood volume due entirely to a great 
increase m arculating red cell mass The degree 
of this plethora is reflected in the erythrocyte IcveL 

Wc wish to eitpress otir •pprecuflon to Misi Evelyn 
Bcfftein for valoable technical assistance. 
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Fig S Blood Volume Chances in Anemia 

The symbols refer to the follovung classifications of 
anemia perruaous anemia O, anemia due to Bright’s 
disease C , and secondary anemia, all causes • There 
IS a sinking similanty in the deviation from normal m 
^plasma, circulating red cell and total blood volume and 
the changes during recovery m all groups 

red cell and total blood volume m terms of per- 
centage of normal to the red cell count reveals that 
the red cell count is a very fair indicator of the 
degree of elevation above normal of both arculat- 
ing red cell and total blood volume In the phle- 
botomized cases the changes in arculatmg red cell 
and total blood volume followed the general trend 
very closely dunng the periods of fallmg volume 
after bleedmg and the penods of mcreasmg volume 
during relapse 

None of the cases of polycythemia vera studied 
had congestive heart fadure, elevated venous pres- 
sure or circulation times slower than 30 seconds 
In compansbn with a group of cases with conges- 
tive heart failure (29) m whom increases in both 
plasma and arculatmg red cell volume brought 
about an increase in total blood volume which was 
on an average 40 per cent above normal — only 6 
cases out of 35 bemg more than 60 per cent above 


normal — ^total blood volume in our cases of poly- 
cythemia vera was much higher, ranging from 9 2 
to 175 2, an average of 61 2 per cent above normal, 
without any appreaable vanation from normal m 
plasma volume The differentiating point seems 
to be that in congestive heart failure the plasma 
volume is greatly increased, whereas m poly- 
cythemia vera the plasma volume is essentially nor- 
mal In individual cases total blood volume may 
be as high in congestive heart failure as in poly- 
cythemia vera For this reason the hematocnt be- 
comes a useful diagnostic procedure, and at a 
hematocnt level of over 55 the diagnosis of poly- 
cythemia vera is justified m the absence of physical 
signs of congestive heart failure 

Venous pressures were within normal limits m 
cases of polycythemia vera and anemia Vana- 
tions theran bore no definite relationship to either 
changes m blood volume or clinical condition 
Circulation times vaned more widely than had 
been anbapated but m general confirmed the find- 
ings of other workers (30) The average trend 
bore a constant relationship to the red cell count 
suggesting that, in addition to other hemodynamic 
factors, the speed of blood flow is to a great extent 
determined by the viscosity of the blood (31) In 
cases followed during recovery the determination 
of arculation time added little, if anything, to the 
clinical evaluation of the case 

SUMMARY 

A companson of the blood volume findings of 
the 2 chronic blood dyscrasias herem studied re- 
veals certain constant trends which are common 
to both All chrome anenuas, regardless of eti- 
ology or duration, are stnkingly similar, a fact 
not to be inferred from the literature In severe 
anemia, arculatmg red cell volume is greatly re- 
duced and may fall as low as 60 per cent below 
normal before clmical signs of impending collapse 
become evident In this stage the plasma volume 
is above the normal amoimt for the individual in 
a state of health and, whether this maease be con- 
sidered as purposeful or not, it has the effect of 
mamtaming the total amount of blood available 
for filling of the vascular bed and maintenance of 
an adequate relationship between vascular volume 
capaaty and content Coinadent with the lower- 
ing of hemoglobin concentration, and hence oxygen 
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Sato (la) has reported the extraction from the 
liver of a " detoxicating hormone,' which he 
named Yaknton This preparabon is claimed to 
protect the body against a vanety of induced 
pathological conditions, including the damaging 
effect of chloroform upon the liver (lb) 

More recently Forbes and Neale (2a) and 
Forbes Neale and Scherer (2b) have reported 
the preparabon of a new fracbon of an aqueous 
extract of hog s liver When this extract was 
injected subcutaneously into albino rats previaus 
to exposure to carbon tetrachloride or chloroform 
hepabc necrosis did not result It also prevented 
the hepabc arrhosis produced by repeated ex- 
posures to carbon tetrachloride (2b, 2f) A 
crystallme material idenbfied as sodium xanthine 
by Neale (2d) and Neale and Winter (2e) was 
prepared from the extract by Forbes and Me 
Connell (2c) Either the punfied crystals or 
sodium xanthine, injected m equal quanbbes into 
rats conferred the same degree of proteebon 
against hepabc damage by carbon tetrachlondc 
or chloroform (2d, 2e) 

Barrett MacLean and McHenry (3) have con 
firmed these findings m rats exposed to carbon 
tetrachlondc* They injected other a suspension of 
punfied * anbnecrobc matenal furmshed by Dr 
Forbes or pure xanthine m equal dosages Con 
trol mjeebons of saline gave negatrve results. In 
agreement with Forbes and Neale and their co 
^vorkc^8 they found both proteebon of the liver 
from damage and an accelerated regenerabon of 
the injured cells* 

Fitzhugh (4) has also reported proteebon by 
xanthine of the hvers of rats exposed to carbon 

1 Preliminary r epor ts of the data In this paper were 
before the Phynological Soaety of Phfladelj^ia 
Am. J MeA Sc. 1939 197 588, and the American Phyn 
oloyical Soaety Am. J PhyiioL, 1939 126 646. 

*This invcatigauoo was aided by a grant from the 
Merck Fond for Surgical Research. 


tetracblonde. The outstanding effect of the xan 
thmc was apparent 48 hours after the admimstra- 
bon of the carbon tetrachlondc, and consisted of 
more limited and smaller areas of necrosis than 
in the control rats No evidence was found that 
xanthme sbmulatcd the regenerabon of the hepabc 
cells 

We have repeated and confirmed the expen 
ments upon the proteebon offered to the liver by 
sodium xanthine against injury by chloroform 
and have extended our invesbgabons with the 
view of tesbng its specificity and the mode of its 
action 

EXPERIMENTAL METHODS 

Male and a few fesale albmo rats 6 to 9 months of 
age, reared on Purina Qiow m our own colony were 
used. In some of the experiments rats whxh had been 
deprived of food for 24 bonri wee used nch arnmals 
are very susceptible to hepatic injury by chlorofonu 
(5a) In the larger number of the experiments the 
rats employed had been transferred from the Punna Chow 
to a diet high In fat (our diet Number IT) 9 to 18 days 
before use. The livers of rats upon this diet nearly 
always become necrotic after 1 hour of anesthetization 
with chloroform- All injectious were made subcutane- 
ously into the shoulder 22 to 24 boors preceding the 
anesthesia The animals were uniformly anesthetized 
for 1 hour and sacrificed 24 hours later The technique 
of administering the chloroform the compositioa of diet 
Number II and the chemical and histological methods 
may be found in a previous puhheation (Sa) 

The histological data are reported as degeneration when 
it alone was present Necrosis when found is reported 
at such even though degeoeratire changes were also 
observed. 

EXPERIMENTAL 

Suspensions of sodium xanthme Sodium xan 
thine was injected m amounts of 50 mgm in 1 
ml of water for each 100 grams of body waght 
of the rat- Since its solubility is slight this rep- 
resented mostly suspended material Twenty 
three rats (Group Number 2) treated m this 
way and anesthetircd with chloroform arc to be 
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mgm in each milliliter and each rat received 1 
ml for each 100 grams of its weight This dos 
age corresponded in its content of sodium to that 
contained in the sodium salts of icanthme 

The result of the injections (Group 8) of the 
sodium bicarbonate mto 7 rats was entirely nega 
live. 

A per cent solution of sodium chlonde was 
mjected mto 3 anunals (Group 9) Each rat 
received 1^ mis (37 5 mgm ) This strength of 
solution was chosen to control the factor of hy- 
pertomcity and the possible local imtahon pro- 
duced by some of the injected matenals The 
results, although admittedly inconclusive because 
of the small number of animals used, were not 
unlike those obtained with allantoin and caffeme 
in respect to the degree of protection afforded. 
The rather high concentration (10+ per cent) 
and amount (0 119 grams per hver) of glycogen 
present in the hvers 24 hours after the anesthesia 
are suggestive of a milder effect of the chloroform 

Barrett MacLean and McHenry (3) have re- 
ported negative results m expenments in which 
“ saline ' was mjected as a control of the positive 
protective action of the " antmecrohc ” material 
The divergent results may be due to a difference 
in the concentration of the sodium chloride solu 
tion 

For reasons to be discussed later it was now 
decided to test the effect of mjected matenals 
having no remote relationship to xanthine or to 
the punnes, but which produce different degrees 
of inflammation of the tissues with which they 
come mto contact when mjected under the skin 

Sodtum nanoleale Fifty to 7S mgm of sodium 
ndnoleate per 100 grains of body weight, an 
arbitrary dosage was mjected as a 10 per cent 
solution In all cases 48 hours after the mjechon 
there resulted a nodular mass at the site of the 
mjection, m a few instances an open abscess re 
suited A group of 21 rats fed on Diet II, on 
which diet chloroform usually produced hepatic 
necrosis in 100 per cent of the anunals (Group 1), 
exhibited no histological abnormalities of their 
livers 24 hours after anesthesia with chloroform 
(Group 10) when sodium ncmoleate was ad 
mmistered The high hepatic glycogen concen 
tration and amount are noteworthy 

Starved rats have been found to be more sus- 
ceptible to hepatic mjury at any given level of 


hpid m their hvers than fed animals (5a) In 
a control group of rats (Group 11), with 14 J 
per cent of hepatic fatty acids, 80 per cent showed 
injury in their livers 70 per cent of which were 
necrotic. When sodium nanoleate was mjected 
mto 9 sunilar animals under the same conditions, 
chloroform produced no histological changes m 
the liver of any animal of the senes Even m 
these animals which received no food before or 
after the anesthesia the concentration (075 per 
cent) and amount (0047 grams per hver) were 
greater than m the controls (Group 11) which 
were not mjected with sodium nanoleate 

Colloidal carbon Into another senes of 15 
starved animals 108 to 115 mgm of colloidal 
carbon which m contrast to sodium nanoleate is 
chemically mert was mjected for each 100 grams 
of iveight of the rat The carbon was present 
under the skm as a hard nodule 48 hours follow- 
ing the mjccDon but in no case was there an 
open abscess The inadence of liver damage fol 
lowing this treatment was 20 per cent (Group 13), 
as contrasted with 80 per cent m the control rats 
(Group 11) , only 7 per cent of the hvers of the 
animals which received the carbon were necrotic 
compared to 70 per cent m the controls The 
hepatic glycogen m the control rats was but 0 54 
per cent, with an average of 0038 grams of 
glycogen m each hver , m the rats which received 
the carbon it was 1 39 per cent averaging 0 129 
grams of glycogen per liver This is an un 
precedented high concentration of glycogen m the 
livers of unfed rats in our experience. 

DISCUSSION 

In the progress of the work detailed above it 
became apparent that the groups of rats which 
were protected to the greatest degree had received 
injections of suspended material t e sodium xan 
thme and xanthine mtrate. In all of these am 
mals defimte nodules consisting of the suspended 
material and an inflammatory rone were present 
48 hours after the mjection Histological ex- 
amination of the tissue surrounding this area 
showed, m all cases examined, a marked degree 
of leukocytic infiltration A milder degree of 
leukocytic infiltration was also found at the site 
of mjechon of soluhons of allantoin and caffeine, 
due possibly ra the case of sodium allantom, to a 
deposit of crystals under the skm 
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previous investigations to be discussed presently 
also pointed to the necessity ot controUmg this 
factor Hence, the tests with sodium ncmoleate 
and the chemically mert colloidal carbon were 
made. The complete protection conferred upon 
the hver by the sodium nanoleate and the su 
penonty of the colloidal carbon m this respect 
over the sodium xanthine or other punnes are 
convmang evidence that a mild local abscess or 
inflammatory process exerts a protective action m 
the situation under discussion 

The question arises whether the protection ex- 
erted by the sodium nanoleate, the colloidal car 
bon and the suspensions of the xanthines is due 
to the same cause. Is it the result of the inllam 
matory process produced to a greater or lesser 
degree in all cases or does the inflammation or 
abscess hberate and make xanthine available to 
the body so that it becomes the common and spe 
cific factor? 

The negative results foUowmg the injection of 
the filtrates from the saturated solutions of sodium 
xanthine and xanthine nitrate are suggestive but 
do not prove an ineffectiveness of xanthine solu 
tions as compared to the suspensions It may 
justly be argued that the dosage thus given is too 
small or that when so administered it is absorbed 
quickly as well as m small amounts compared 
to a possibly continuous dissolution and absorp- 
tion of the suspended xanthme over the entire 
48-hour period of the experiment 

The mference which one may draw from the 
publications of Forbes and Neale and their co- 
workers IS that xanthme is the substance spe- 
afically responsible for the results observed by 
them and is the active constituent of thar crude 
extract of the liver However Neale and Winter 
(2e) claim to have obtained a degree of protec 
tion with a vanety of punnes in addition to xan 
thine — namely guamne hypoxanthme, and unc 
aad as well as with nuclac aad and its denva 
lives the nucleoside guanosme and a pyrunidme 
uraal It must be concluded therefore that of 
the punnes and nuclac aad denvatives xanthme 
13 not a speafic. It is noteworthy that all of 
these substances which gave a measure of pro- 
tection to the liver were mjerted in suspensions 
because of thar msolubility We mfer also that 
the matenal injected by Sato (1) was not entirely 
soluble. The degree of tissue inflammation and 


damage is probably greater when suspended ma- 
tenal 13 injected, with the consequent foieign body 
reaction than when a solution of the same sub- 
stance 15 administered. The experiments with 
the colloidal carbon presented in this paper illus- 
trate the eflfects produced by suspended inert 
matenal On the other hand, an injected solution 
which IS chemically an imtant may produce a 
profound reaction in the tissues to the point of 
abscess formation t e , solutions of sodium nano- 
leate. It would appear that the protective value 
of the vanous unrelated materials studied by us 
and others is definitely a function of the degree 
to which they produced tissue mflammation and 
injury 

It IS pertment to the subject under discussion 
to examine the known effects of an mflammatory 
process or an abscess upon the body Vaughan 
(6) m explanation of the excessive heat produc 
tion responsible for the fever produced by the 
parenteral mtroduction of protans into the body, 
suggested that it was due to the cleavage of the 
foreign protan, m two and also to a destructive 
reaction between these cleavage products and the 
proteins of the body, as evidenced by an increased 
mtrogen ehmmation Uneqmvocal evidence that 
products of cell mjury cause an increased protan 
catabobsm m the body has been obtained m nu 
merous expenments by Whipple and his collab- 
orators They found that the mjechon of toxic 
proteoses produced a great nse in unnary mtrogen 
and an maease m blood non protem nitrogen 
chiefly urea with slight amounts of ammo peptide 
nitrogen (7) Cooke and Whipple (8) found 
that either sterfle abscesses produced by turpentine 
injected under the skin or septic abscesses due 
to staphylococci also increased the output of 
unnary nitrogen and increased the blood non 
protan mtrogen. The explanation advanced to 
account for these effects is m general the sama 
The injerted proteose produced a widespread cel- 
lular destruction m the body The skin abscesses 
from turpentme or staphylococcus injection first 
caused a local injury of the tissues which in 
turn by the action of toxic spUt products absorbed 
from the abscess area resulted in the generaliied 
injury and consequent increased protan catab- 
olism Cooke and Whipple (8) pomt out that 
the mcreased mtrogen elunination is too great to 
be accounted for by the local injury and tissue 
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compared with 18 control aiumals (Group Num- 
ber 1) which did not receive sodium xanthine 
but which had been on the same diet for a com- 
parable penod of time, so that the average con- 
centrations of hepatic glycogen and hpid were 
about the same before the anesthesia The inci- 
dence of degeneration and necrosis of the hver 
due to the chloroform was reduced from 100 per 
cent in the control rats to 70 per cent in those 
previously injected with sodium xanthme All of 
the livers of the control group exhibited areas of 
necrosis, while but 35 per cent of the group in- 
jected with xanthine showed necrosis These re- 
sults are in agreement with those of previous in- 
vestigators in shoiving a protective action of an 
mjected xanthine suspension 

Further evidence of a difference between these 
2 groups of rats is found in the hepatic glycogen 
concentration following the anesthesia, it averaged 
0 17 per cent or 0 019 grams per liver after the 
anesthesia in the control group, and 1 18 per 
cent or 0 117 grams in the rats which received 
xanthine previous to anesthetization This is most 
probably a reflection of the lesser degree of in- 
jury by the chloroform in the latter ammals (5b) 

Soluttous of sodium xanthine The filtrate of 
the saturated solution and suspended sodium xan- 
thine used in the above expenments contamed 
about 1 5 mgm of dissolved matenal at room 
temperature One milliliter of this filtrate for 
each 100 grams of body weight was injected into 
Group Number 3, the rats were in all respects 
similar to those which received the suspension 
Of the 13 rats so treated, all showed some degree 
of hepatic injury, 85 per cent of the livers were 
necrotic and the remamder showed degenerative 
changes This result does not deviate significantly 
from the control figures (Group Number 1) 
The hepatic glycogen concentration and amount 
are not maintained after the anesthesia to the 
same degree as in the animals which received 
sodium xanthine 

Suspensions of xanthine nitrate and their fil- 
trates Xanthine nitrate differs from the sodium 
xanthine m that, when suspended in water, it 
hydrolyzes to give an aad medium, the solubih- 
ties of the 2 salts do not differ greatly When 
a suspension containing the same amount of xan- 
thine used in Group 2 was injected mto 6 rats 
(Group Number 4), 83 per cent showed hepatic 


abnormalities, 50 per cent of which was necrosis 
and 33 per cent degeneration This group, though 
small, indicates a protection, as compared to the 
control animals (Group 1), somewhat similar in 
degree to that afforded by suspensions of sodium 
xanthine The difference in pH of the injected 
solutions appeared to have very little effect in 
altermg the result The concentration and amount 
of hepatic glycogen ( 1 37 per cent or 0 134 grams 
per hver) are mdicative of a milder degree of 
hepatic injury in the treated rats 

When the suspended material was removed by 
filtration and the filtrate injected in the same vol- 
ume, 1 e , 1 ml per 100 grams of body weight, 
all of the livers of the 7 rats so treated were 
necrotic (Group 5) As regards protection, the 
result IS entirely negative The hepatic glycogen 
concentration and amount (0 5 per cent or 0 052 
grams per liver) are much lower than in the 
protected animal 

Sodium allantoin and caffeine In view of the 
negative findings with the saturated solutions of 
the relatively insoluble sodium xanthine and xan- 
thine mtrate, tests were made with allantoin and 
caffeine, 2 soluble purines unrelated to xanthine 
Fifty milligrams of allantoin in 2 mis of water 
solution, partly neutrahzed with sodium hydrox- 
ide, was mjected for each 100 grams of the rat 
Compared to the control rats (Group 1), the 9 
rats which received allantoin (Group 6) showed 
the same total inadence of damage (100 per 
cent) The seventy of the damage, however, was 
not so marked in the group injected with allan- 
toin, 100 per cent of the hvers of the controls 
were necrotic whereas but 56 per cent of the 
animals mjected with allantoin showed necrosis 
In contrast to the findings of Neale and Winter 
(2e), the results here reported indicate a pro- 
tective action of the allantoin 

Because of its pharmacological activity, caf- 
feine was administered m much smaller amounts 
than the other punnes , 1 7 mgm m 1 5 mis of 
water solution was mjected for each 100 grams 
of the rat The outcome (Group 7) is qmte 
sunilar to that obtained with allantoin 

Sodium bicarbonate and sodium chloride solu- 
tions As a further control of the injections, tests 
for protection were made with solutions of sodium 
bicarbonate and of sodium chloride 

The sodium bicarbonate solution contamed 132 
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previous investigations, to be discussed presently 
also pointed to the necessity of controlling this 
factor Hence, the tests vnth sodium ncmoleate 
and the chemically inert colloidal carbon were 
made. The complete protection conferred upon 
the liver by the sodium nanoleate and the sn 
penonty of the colloidal carbon in this respect 
over the sodium xanthine or other punnes are 
convinang evidence that a mild local abscess or 
mflammatory process exerts a protective action in 
the situation under discussion. 

The question arises whether the protection ex 
erted by the sodium nanoleate, the colloidal car- 
bon and the suspensions of the xanthines is due 
to the same cause. Is it the result of the inflam 
matory process produced to a greater or lesser 
degree in all cases or does the mflammation or 
abscess liberate and make xanthine available to 
the body so that it becomes the common and spe 
afic factor? 

The n^bve results following the injection of 
the filtrates from the saturated solutions of sodium 
xanthine and xanthine mtrate are suggestive but 
do not prove an ineffectiveness of xanthine solu 
tions as compared to the suspensions It may 
justly be argued that the dosage thus given is too 
small or that when so administered it is absorbed 
quiddy as well as in small amounts compared 
to a possibly continuous dissolntion and absorp- 
tion of the suspended xanthine over the entire 
48-hour period of the expenraent 

The inference which one may draw from the 
pubhcations of Forbes and Neale and thar co- 
workers IS that xanthine is the substance spe 
afically responsible for the results observed by 
them and is the active constituent of their crude 
extract of the liver However Neale and Wmter 
(2e) claim to have obtained a degree of protec 
tion with a vanetv of punnes in addition to xan 
thine — namely guamne, hypoxanthine, and unc 
aad as well as with nuclac aad and its deriva- 
tives the nucleoside guanosme and a pynraidmc 
uraol It must be concluded therefore that of 
the punnes and nuclac aad denvatives xanthine 
IS not a speafia It is noteworthy that aU of 
these substances which gave a measure of pro- 
tection to the hver were mjeaed m suspensions 
because of thar insolubility We infer also that 
the matenal injected by Sato (1) was not entirely 
soluble The degree of Ussue mfiammation and 


damage is probably greater when suspended ma 
tcnal IS injected with the consequent foreign body 
reaction than when a solution of the same sub- 
stance IS administered The experiments with 
the colloidal carbon presented in this paper illus- 
trate the effects produced by suspended inert 
matenal On the other hand an injected solution 
which IS chemically an imtant may produce a 
profound reaction m the tissues to the pomt of 
abscess formation, t e solutions of sodium nano- 
leatc It would appear that the protective value 
of the vanous unrelated matenals studied by us 
and others is definitely a function of the degree 
to which they produced tissue inflammation and 
injury 

It IS pertinent to the subject under discussion 
to examine the known effects of an inflammatory 
process or an abscess upon the body Vaughan 
(6) in explanation of the excessive heat produc 
tion responsible for the fever produced by the 
parenteral introduction of protans into the body 
suggested that it was due to the cleavage of the 
foreign protan in vwo and also to a destructive 
reaction between these cleavage products and the 
proteins of the body as evidenced by an increased 
nitrogen elimination Unequivocal evidence that 
products of cell injury cause an increased protein 
catabolism m the body has been obtained m nu 
merous expenraents by Whipple and his collab- 
orators They found that the injection of toxic 
proteoses produced a great nse m urinary nitrogen 
and an increase in blood non protan nitrogen 
chiefly urea with slight amounts of ammo pcjHide 
nitrogen (7) Cooke and Whipple (8) found 
that cither stenie abscesses produced by turpentine 
injected under the skin, or septic abscesses due 
to staphylococa, also mereased the output of 
unnary mtrogen and increased the blood non 
protan mtrogem The explanation advanced to 
account for these effects is m general the same. 
The injected proteose produced a widespread cel 
lular destruction in the body The skin abscesses 
from turpentine or staphylococcus injection first 
caused a local injury of the tissues which, m 
turn by the action of toxic split products absorbed 
from the abscess area resulted in the generalired 
injury and consequent increased protan catab- 
olism. Cooke and Whipple (8) point out that 
the increased nitrogen clirmnation is too great to 
be accounted for by the local injury and tissue 
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table I 


Effect of tnjedton of various substances upon hepatic damage by chloroform 


Group 

numb^ 

Diet 

Condition 
of rats 

Control 

unanesthetized 

Eiperimental 

aUMtheUied 

Hepatic damage 
Degree and 
apportionment 

Total 

dam 

ated 

Remarks 

Num 

ber 

of 

rats 

Aver 

age 

glyco- 

gen 

liver^ 

Aver 
age 
glyco- 
gen per 
liver 

Aver 

age 

fatty 

adds 

Uvcrt 

Num 

ber 

of 

rats 

Aver** 

age 

glyco- 

gen 

Uvei^ 

Aver 
age 
glyco- 
gen per 
liver 

Aver 

age 

fatty 

adds 

liverf 

Degenera 

tlon 

Necrosis 

1 

II 

Normal 

14 

per 

cent 

1 971 
(12) 

grams 

0 212 
(12) 

per 

cent 

UNn 

26 1 

ieate; 

18 

Per 

cent 

D CON 

jO 17| 

grams 

TROL R 

0 019 

per 

ceni 

ATS — 

j23 2 

Num 

her 

diet 1 

1 ^ 

per 

cent 

a 

0 



per 

cent 

100 


2 

11 

Injected 

9 

1 

1 04 

0 103 

mm 



n 

1 


35 

8 

35 

70 


3 

II 

Injected 

7 

1 51 
(5) 

0 110 i 
(5) 1 

1 




filtrj 

23 1 

tTE 

2 

IS 

11 

1 

85 

100 


4 

II 

Injected 


! 


XANTHINE NITRATE SUSPENSION 

1 6 1 1 37 1 0 134 I 22 7 1 2 

33 

3 

so 

83 


s i 

1 

II 

Injected 



1 

■ 


1 

0 

B 

100 

100 


6 

II 

Injected 

( 

1 

1 

162 

1 

1 

0 162 

27 3 

SC 

9 ' 

IDIUM ALLAN: 

0 81 1 0 90 

roiN 

24 1 

4 

44 

5 

56 

100 


^ i 

“ 1 

Injected 

1 

204 

0 232 

26 7 

9 

CAFFEINE 

0 64 j 0 065 

26 9 

3 

33 

6 

37 

100 


8 

II ! 

1 

Injected 

2 

1 85 

0 150 

20 5 

SODIUM bicarbonate 

7 1 0 47 j 0 050 1 22 6 

0 

0 

■ 

100 

100 


1 

9 

II 

1 

Injected 

■ 

■ 

■ 

■ 

SODIUM CHLORIDE 

1 3 1 104j0 119|20 8 

■ 

33 

2 

67 

100 


10 

II 

Injected 

1 

1 

1 28 

0 140 

1 SODIUM RICINOLEATE RATS FED 
19 9 1 21 1 2 08 1 0 223 1 25 2 1 0 

0 

0 

0 

0 


11 

P Cf 
P c 

Normal 

Normal 

4 

6 

UNT 

0 06 

0 49 

REATEI 

0 005 

0 029 

) CONI 

14 5 
14 3 

[ROL 1 

10 

^^9 

H 

NO FC 

0 038 

»OD DT 

16 9 

bung 

1 

I 


:nt 

70 

80 

24 hrs after food 
48 hrs after food 

12 

P c 

i 

Injected 

2 

s 

0 05 

ODIUM 

0 003 

RICIN( 

18 3 

JLEAT] 

9 

E NC 

0 75 

) FOOD 

0 049 
(7) 

DURII 

18 7 

<0 EX 

0 

PERI 

0 

WENT 

0 

0 

0 


13 

1 

P c 

Injected 

COLLOIDAL CARBON (HYDRO-KOLLAG) NO FOOD DURING 

1 I 1 I 15 j 1 39 j 0 129 j 19 7 j 2 1 13 I 

experiment 

1 j 7| 20 



* Glycogen is expressed as percentage of the ivet weight of the liver 
t Fatty acids are expressed as percentage of the dry weight of the liver 
j Purina chow 

Figures in parentheses indicate number of rats 


It was this common factor of a local mflamma- 
tory reaction at the site of injection of suspensions 
of sodium xanthine, xanthine mtrate, and sodium 
allantom, which led us to investigate the effect 


of inflammation and abscesses produced in other 
ways before ascnbing the protection observed to 
a speaflc action of the xanthine or other punnes 
Certain evidence in the literature and our own 











































































































THE EFFECT OF QUANTITATIVE REDUCTION OF RENAL BLOOD 
FLOW UPON THE PREGNANT RABBIT 

By L V DILL, C E ISENHOUR, anb J F CADDEN 

iFrmn the Dtpartment of Obsieincs and Gyntcology Conull Unwtrsily Medicol CoJltge and 
Ihf Near York Hotfntal Nno York CUy) 

(Received for publlcahon July 27 1939) 


In a recent paper (1) we described a syndrome 
which occurred in pregnant dogs and rabbits sub- 
jected to renal isdiemm and which was charac- 
tenred by hypertension, albuminuria, coma, 
convulsions and death In most of the animals 
uremia and hematuria were also noted but these 
were not constant findings Cardiac dilatation 
with acute congestion of all organs, and necroses 
in the liver, myocardium and kidneys were the 
usual findings at autopsy 

Bilateral constriction of the renal arteries ren- 
dered estimation of tlic actual renal flow so dif- 
ficult tliat only very gross vanations could be 
appreaated, and varying amounts of renal damage 
and nitrogen retention corapheated the picture. 
A more prease quantitative method ivas needed 
m order to subject the animals to comparable 
amounts of renal ischemia. 

Rytand (2) desenbed the production of renal 
ischemia by reducing the blood flow through the 
aorta proximal to the points of ongm of the renal 


and acetic add teat and careful microscopic gyfltmna 
bon* were done on the unne after it had been c e ntri fuged 
at low speed. 

Measurement! of the cell volume, red blood cellf, and 
hemoglobin were done weekly Studies of the cell vol 
nme were done by the Wmtrobc (4) method the red 
blood ccHs were counted in chambers, using pipettes ap- 
proved by the Bureau of Standards and hemoglobin 
estimations were made by the Sahh technic. 

Chemical measurements of the blood were made at 
weekly intervals. Measurement! of the non protem ni 
trogen were done by the method of Folm and \Vu (5) 
of urea by the method of Van Slyke and Cullen (6) and 
of tine aod by the Folln (7) technic. Cholesterol was 
determined by the method of Ldboff (8) chlondcs by 
the Whitebom (9) method, and the carbon dioodde com- 
bining power by the method of Van Slyke (10) 

Following the period of three weeki durmg which 
oontrol stupes were made the ardmaU were subjected 
to laparotomy under aseptic techme. The aorta, which 
had been measured at laparotomy was constricted above 
or below the points of origin of the renal arteries to 
varying degree! by means of a fdver wire loop the 
inside diameter of which bad been measured before 
appheattoru The aorta of each animal with aortic con 



636 


ISIDOR S RAVDIN, HARRY II VARS, AND SAMUEL GOLDSCHMIDT 


table I 


Effect of tnjeciton of various substances upon hepatic damage by chloroform 


Group 

numb^ 

Diet 

Condition 
of rats 

Control 

unanesthetized 

Eacpcrimental 
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Hepatic damage. 
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18 3 
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0 

0 
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EXPERIMENT 

1 j 7j 20 



* Glycogen is expressed as percentage of the r\et weight of the liver 
t Fatty acids are expressed as percentage of the dry weight of the liver 
t Punna chow 

Figures in parentheses indicate number of rats 


It tras this common factor of a local inflamma- 
tory reaction at the site of injection of suspensions 
of sodium xanthine, xanthine nitrate, and sodium 
allantoin, uhich led us to investigate the effect 


of inflammation and abscesses produced in other 
ways before ascnbmg the protection observed to 
a specific action of the xanthine or other punnes 
Certain evidence in the literature and our own 








































































































THE EFFECT OF QU \NTITATIVE REDUCTION OF RENAL BLOOD 
FLOW UPON THE PREGNANT RABBIT 

By L. V DILL, C E. ISENHOUR and J F CADDEN 

(From the Deparimeni of Obttelncs and Cynteoloffy Comell Unmersity ^ledtcoi College and 
the New York Hospital New Yorh Cttj) 

(ReceiTcd for publication July 27 1939) 


In a recent paper (1) we described a syndrome 
which occurred m pregnant dogs and rabbits sub- 
jected to renal iscliemia and wluch was charac- 
tcnzed by hypertension albuminuria coma 
convulsions and death In most of the animals 
uremia and hematuna were also noted, but these 
were not constant findings Cardiac dilatation 
with acute congestion of all organs, and necroses 
m the bver, myocardium, and kidneys were the 
usual findings at autopsy 

Bilateral constriction of the renal artenes ren 
dered estimation of the actual renal flow so dif- 
ficult that only very gross variations could be 
appreaated and varying amounts of renal damage 
and nitrogen retention compbeated the picture 
A more precise quantitative method was needed 
in order to subject the animaJs to comparable 
amounts of renal ischemia- 

Rytand (2) described the production of renal 
ischemia by reducing the blood flow through tlie 
aorta proximal to the points of ongm of the renal 
artencs It seemed tliat the utilization of this 
method with the apphcation of a clamp of known 
diameter to the previously measured aorta should 
give a fairly accurate estimation of the relative 
reduction of blood flow through the kidneys. 

METHOD 

Sne pregnant and eight non pregnant female rabbits of 
8 potmds or more in wdght and of vao'mg brecdi were 
used as the acpcnmcntal animals In which to conrtnet 
the aorta proximal to the pomts of origin of the renal 
vessels snd four pregnant aiumats of the same type were 
used to control the effect of simple aortic conrtncUon 
by plaong the damp distal to the points of ortgui of 
these arteries. These animats were obtained from a local 
dealer and •were observed for three weeks before the 
expenment was begun. 

For an addiUonal period of three weeks blood pres 
ftire was recorded three tunes wedcly by an indirect 
method (3) 

Urine was collected m metabolism cages and exammed 
weekly Specific gravity was determined by a calibrated 
urinometcr atbumm was tested qualitatively by the beat 


and acetic add test, and careful microscopic examlna 
tions were done on the tmne after it had been centnfuged 
at low speed 

Mcasureroents of the cdl Toluroe, red blood cells, and 
hcmogloWo were done weekly Studies of the cell vol 
nme were done by the Wmtrobe (4) method the red 
blood cells were counted In chambers using pipettes ap- 
proved by the Bureau of Standards and beraoglobm 
estimations were made by the Sahli technic. 

Chemical measurements of the blood were made at 
weekly intervals. Measurements of the non protdn ni 
trogen were done by the method of Fotin and Wo (S) 
of urea by the method of Van Slyke and Cullen (6) and 
of uric add by the Folia (7) technic. Cholesterol was 
delennined by the method of Ldboff (8) chlorides by 
the Whltchom (9) method and the carbon dioxide com 
bining power by the method of Van Slyke (10) 

Following the period of three weeks during which 
control studies were made the animals were subjected 
to laparotomy under aseptic technic The aorta, which 
had been measured at laparotomy was constricted above 
or bdow the points of ongm of the renal arteries to 
%^rymg degree* by means of a silver wire loop the 
inside dtameler of whkh had been measured before 
applkahon. The aorta of each animal vrith aortic cou- 
stnctlon proximal to the points of origin of the renal 
vessels was also constricted to an equivalent degree 
distal to the points of ongm of the renal arteries to 
prevent the return of any apprcxaable amount of Wood 
to the Iddneys upon development of a collateral cir- 
culation. 

The non pregnant control animats in which the 
aoTtac were constricted proximally and dlstally to the 
origin of the renal arteries were divided into four group* 
of two animals each. The crots-sectional areas of the 
aortac of these animals were constricted to tpproxl 
mately one-sixlh, one-fourth, one-half and two-thirds of 
the original value. 

The pregnant experimental animals were 
similarly bto three group* of two animals 
the croM sectional areas of the aortac j 
distil to the origins of the renal arteries were 
to one-fourth, one half and two-third* of the 
measurement The aortac of this group were 
striclcd to one-sixth of the ongmal crov 
since it was felt that pregnant ammals 
renal mjury would not survive long enough 
value. The aorta was constneted when the 
in the last half or In lome instances the last 
period of gestatloa 
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dunng tlic operation The unnary constituents 
of the non pregnant group were not altered, while 
both of the pregnant animals developed albu 
minuna and hematuna to a marked degree pre- 
ceding delivery A complete remission was noted 
m one animal following expulsion of tlie fetuses 
while in the other although the hematuna cleared 
up completely and the albumin was markedly re 
duced a moderate amount of albumin persisted 
until death occurred 

The autopsy findings on the pr^nant animal 
of the moderately constneted group m which 
death occurred four days following delivery were 
healing abdominal wound stnate areas of ne 
crosis m the cortices of both kidneys gangrene 
of terminal ileum fibnno purulent peritonitis 
lobular pneumonia of the nght lower lobe cloudy 
s\velhng of the hver, spleen and heart cardiac 
dilatation and acute pulmonary edema It was 
felt that recovery of the animal Nvas imminent 
when infarction of the intestine occurred and 
that tlie terminal nse m blood nitrogen os well as 
the albuminuria and death were directly attribut- 
able to this acadent 

The effect of constncting the aorta to tno- 
thirds of its original cross-sectional area is shown 
m Table III In both of the non pregnant and 
in one of the pregnant animals of tins group there 
was at most a shght elevation of blood pressure. 
In the reniaimng pregnant ammal however a 
marked nse occurred immediately following aortic 
constnction and persisted until one day before 
death In neither of the gravid animals \vzs there 
a sigruficant change m non protem mtrogen or 
urea although m Animal A a shght decrease m 
unc aad occurred Hemoglobin red blood cell 
and cell volume values particularly in the non 
pregnant animals, showed a less marked decrease 
than occurred in the more severely constricted 
group Albuminuna ^vas noted only in the preg- 
nant ammals and delivery m Animal A caused the 
unne to become completely negative. 

Autopsy findings on the pregnant animal of the 
mimmally constneted group which died while 
rcsorbing tlie fetuses were cloudy swelling of 
the kidneys focal necrosis of the liver and myo- 
cardium cardiac dilatation infarction of the 
spleen infected pulmonary infarct of the nght 
lower lobe wnth extension to the diaphragm cor 
pora lutca of tlie ovanes, and retained placental 


tissue. We beheve that death and pathologic 
findmgs m this animal are directly attnbutable to 
the syndrome produced by renal ischemia in the 
pregnant ammat 

DISCUSSION 

The differences m the clinical courses of these 
animals were quite apparent At no tmie fol 
lowing operation did any of the non pregnant 
ammals appear ill while without exception, the 
condition of the pregnant animals became steadily 
worse With the advent of delivery the animal 
at once became much more lively, the fur im- 
mediately regained its glossy appearance, and 
within two days the animal was apparently normal 
The degree of aortic constnction seemed to bear 
no direct relation to the appearance of the ammal 

From these findings it seems logical to beheve 
tliat the aorta of the non pregnant ammal can 
safely be reduced to at least one fourtli of its 
onginal cross sectional area without produang 
more than a persistent hypertension in the non 
pregnant female rabbit yet a reduction to even 
two-thirds of the original cross sectional area may 
produce signs of toxemia and e\'en death m the 
pregnant animal That this toxic effect is due to 
reduction m renal flow and not to mere mechamcal 
blockage is aIlo^vn by tlie failure to produce sig 
mficant cliangcs m the course of pregnancy m 
animals in whicli aortic constnction is earned 
out below the points of ongin of the renal ar- 
tenes Rytand (11) has shown that the blood 
pressure elevation which accompanies partial 
aortic obstruction does not occur when the ob- 
struction IS earned out below living kidn^ tissue 
and Brotclincr (12) has demonstrated that the re- 
moval of a large portion of the capillary bed as 
represented by the kidnty causes no significant 
nse in pressure m animals in which the aorta is 
constneted at a point below the ongms of tlie 
renal vessels 

We arc unable to explain why the pregnant 
ammal with Bcverc restnction of renal blood flow 
fails to develop hj’pertcnsion Arterial spasm, 
which IS usually considered the promulgator of 
hypertension is obviously not decreased m the 
pregnant ammal but ratlicr increased m a gen 
erahzed fashion as evidenced by the widespread 
necroses in the heart spleen liver, and kidney of 
these ammals w hercas m the non pregnant animal 
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severe hypertension develops without produai^ 
any pathologic changes m these organs 

That pregnancy produces this difference in re- 
action seems obvious from the observations that 
dehvery or in some cases even the death of the 
fetuses, seems to effect an immediate recovery 
and that thereafter the animal responds as one of 
the non pregnant ammals m which the aorta has 
been sumlarly constneted. 

It IS noticeable, but perhaps not remarkable, 
that abortion is much more frequent in these 
animals than in those animals previously reported 
(3) m which bilateral renal artery constnction 
and not aortic constnction was used to reduce the 
blood supply to the kidney It is probable that 
the aorbe constriction by further reduang the 
blood supply to the uterus as well as to the func- 
tiomng lutem tissue, plays an important part in 
this tendency of the uterus to evacuate, especially 
since these organs as well as the fetuses are prob- 
ably suffenng from a rather marked anemia pro- 
duced by the arterial spasm associated with this 
syndrome, 

Hemoconcentrabon such as has been described 
m the human with toxemia of pregnancy (13, 
14) 18 not noted in these animals, although it is 
probable that if it occurs it has been masked by 
operabon and by the frequent takmg of blood 
samples 

CONCLUSIONS 

A quanbtative method for producing a relabve 
reduebon of blood flow through the kidneys is 
desenbed. 

The presence of pregnancy defimtely increases 
the susccpbbility of the rabbit to renal ischemia. 

Minimal reduebon of the blood flow to the 
kidney of the pregnant animal produces a dinicsl 
and pathologic syndrome which closely simulates 
‘ toxemia of pregnancy” m the human. 

Tbe authors wish to express appredition to Dr J B 
Postore for valuable wffgcstkms In the preparatkKi of 


tfau report atjd for hematologic studies and to Dr H. F 
Traut for acd In the prepantHon and studj of the atrtopsr 
materiaL 
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The use of estrogen, m some women for the 
rehef of the severe neurovascular disturbances of 
the menopause is an established therapeutic meas- 
ure (1, 2 3, 4 5, 6) although its speofiaty may 
be doubted in certain instances (1, 7) In spite 
of Its failure to act m all cases there is no doubt 
that m the majority of selected patients the relief 
IS specifically attributable to the estrogen 

Injection of this hormone is followed by a re- 
duction m the gonadotropic hormone content of 
the blood and urme (2, 6), and usually a sub- 
sidance of the vascular disturbances We are 
uncertam as to whether the reduction in the 
amount of gonadotropm m the urme is directly 
related to the symptomatic relief, or only indi 
rectly so through a more deep-seated response of 
the body to the hormone. Not all climacteric 
women havmg a high gonadotropm content m thar 
urine suffer from neurovascular disturbances 
Consequently the mechamsm of the action of es 
trogen on the arculatory system remains to be 
defined The present experiments were designed 
to obtain some objective measure that might be 
useful m this respect 

While It 13 generally recognised that estrogens 
are without demonstrable effect upon the mean 
level of arterial blood pressure (8 9 10 11 14, 
15), evidence is accumulating to show that the 
effects of estrogen on the penpheral arculation 
are quite widespread throughout the body and 
are of a definite character The following faas 
indicate this the mjection of estrogen causes 
swelling and changes in the water content of the 
sex-skin m certain primates (12) , estrogen causes 
engorgement of the vessels in the nasal mucosa 
mcludmg that of women (13) the mjection of 
estrogen in the human is followed by a fall in 
capillary pressure and dilatation of the nail bed 

1 Supported by grants from the Committee on Endo- 
enne Research of the National Itesearch Cotmdl the 
Committee on Scientific Research of the American Medi 
cat Association and fn part by a grant from the Josiah 
Macy Jr Fonndauon. 


capillary vessels ( 14) estrogen causes a decrease 
of venous pressure m the hand (15) , and, finally, 
estrogen causes a change in the water content of 
the skm of the rat within a few hours (16) which 
IS quahtatively comparable to that occurring in 
the uterus and vagina (16 17) This list is ex- 
tended m the present work by observations on 
changes m skin temperature and m finger volume 
following the injection of estrogen An increase 
in finger volume without venous occlusion is m 
dicative of an augmented capacity of the small 
blood vessels in the fleshy jiarts of the finger, 
while changes m the temperature of the skin 
reflect alterations in the local rate of blood flow 
(18) 

SUBJECTS PIEPAJtATIONS AND METUODS 

Since the observations were mtended to be of 
a preliminary nature, adult human males were 
used in this study m order to establish a con- 
venient objective entenon of the penpheral vas- 
cular action of estrogen It was deemed unnec- 
essary and perhaps unwise to use female subjects 
with normal menstrual cycles for a more com 
plete study of the vascular actions of estrogen in 
menopausal women will logically follow this pre- 
liminary study The subjects twenty m all were 
eighteen men in the third decade of life and two 
in the fourth decade, all believed to be in good 
health at the time and apjiarently normal in every 
respect One subject (J di P ) however, had 
a positive chest plate three months after the ex 
penment although it is not probable that ina 
pient tuberculosis would affect, or be affected by, 
the estrogen 

Single observations on the effect of the estro- 
gen were made on all subjects with the exception 
of three who received two injections of estrogen 
and one subject who received mne injections In 
all but one of the positive cases noted in Table I, 
corn oil alone was used at least once. No indi- 
vidual received more than one injection of the 
hormone in any one week. The subjects either 
649 



TABLE Ut 

Data on amntals vnth constriction of the aorta to two thirds of the original cross-sectional area proximal and distal to the ongtns of the renal arteries 
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The use of estrogen, m some women, for the 
rehef of the severe neurovascular disturbances of 
the menopause is an established therapeutic raeav 
ure (1 2, 3 4 5 6) although its specificity may 
be doubted m certain instances (1 7) In spite 
of Its failure to act m all cases there is no doubt 
that m the majority of selected patients the rehef 
IS specifically attnbutable to the estrogen 

Injection of this hormone la followed by a re- 
duction in the gonadotropic hormone content of 
the blood and urine (2 6) and usually a sub- 
sidance of the vascular disturbances We are 
uncertam as to whether the reduction in the 
amount of gonadotropm in the unne is directly 
related to the symptomatic relief or only indi 
rectly so through a more deep-seated response of 
the body to the hormone. Not all climacteric 
women having a high gonadotropin content in their 
unne suffer from neurovascular disturbances 
Consequently the mechamsm of the action of es 
trogen on the arculatory system remains to be 
defined The present experiments were designed 
to obtam some objective measure that might be 
useful m this respect 

While It 13 generally recognized that estrogens 
are without demonstrable effect upon the mean 
level of arterial blood pressure (8 9, 10 11, 14, 
15) evidence is accumulating to show that the 
effects of estrogen on the penpheral arculation 
are quite widespread throughout the body and 
are of a defimte character The following facts 
indicate this the injection of estrogen causes 
swelhng and changes m the water content of the 
sex-slan in certain primates ( 12) , estrogen causes 
engorgement of the vessels m the nasal mucosa, 
mcluding that of women (13) , the mjection of 
estrogen in the h um an is followed by a fall m 
capillary jiressure and dilatation of the nail bed 
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capillary vessels (14) , estrogen causes a decrease 
of venous pressure in the hand (IS) , and finally 
estrogen causes a change in the water content of 
the skin of the rat withm a few hours (16) which 
13 quahtatively comparable to that occurring in 
the uterus and vagina (16, 17) This bst is ex- 
tended in the present work by observations on 
changes m skin temperature and m finger volume 
following the injection of estrogen. An mcrease 
m finger-volume without venous occlusion, is m- 
dicative of an angmented capaaty of the small 
blood vessels m the fleshy parts of the finger, 
while changes in the temperature of the skin 
reflect alterations in the local rate of blood flow 
(18) 


SOBJECIS, PREPA31ATIONS >NI> METHODS 

Smee the observations were intended to be of 
a preliminary nature, adult human males were 
used in this study in order to establish a con 
vement objective criterion of the peripheral vas- 
cular aefion of estrogen It ivas deemed unnec- 
essary and fierhaps unwise to use female subjects 
with normal menstrua] cycles for a more com 
plete study of the vascular actions of estrogen in 
menopausal women will logically follow this pre- 
hminary study The subjects twenty in all, were 
eighteen men in the third decade of hfe and two 
in the fourth decade, all believed to be m good 
health at the time and apparently normal m every 
respecL One subject (J di P ) however had 
a positive chest plate three months after the ex 
penment, although it is not probable that inci 
pient tuberculosis would affect or be affected by 
the estrogen 

Single observations on the effect of 
gen were made on all subjects with the 
of three who received two Jn 

and one subject who received j 

all but one of the positive cases no* 
com oil alone was used at least of the 

vidual received more than either 

hormone m any one weeL y- ^r-m. 
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MINUTES 



MINUTES 

Fk;. 1 Response op Inoexased Fmcm toluice to the Injection op Est*cx:en 
IK Cork Oil (<o» ako to Cobk On. Alone (bottom) in a Subject with a Fincee 
VOLUME 0» 10 CC. IN THE PlETHYSMOOUPH 


features Within three to fifteen tnimites the 
volume of the finger begins to increase not in 
frequently following a transient decrease (vaso- 
constriction) resulting from nervousness at the 
time of injection, the finger volume becomes 
steadily larger for at least half an bout) although 
more often the period of change lasts from forty 
five minutes to an hour, the finger stays large 
for a penod in excess of the maximum time of 
observation (two hours) 

The average gross increase was 0 67 ca (aver- 
age finger volume 14 cc.) although this varied 
considerably In one subject (S R, M R-, finger 


volume, 10 cc.) the smallest change observed 
was about 0 15 cc. the maximum, about 0.55 cc 
These observations were made between January 
and July although the magmtude of the response 
did not appear to vary with the season. In sev- 
eral subjects the response was as great as 05 to 
1 0 cc. (finger-volumes of 12 to 14 cc ) or a 
percentage change of 6.5 to 8 3 The average 
percentage increase m finger volume however 
was only 4 6 In order to appreciate the extent 
of this, it 15 necessary to note that the fleshy part 
of four embalmed fingers compnsed 56 per cent 
of the total finger volume. It is to this part of 
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TABLE 1 

Summary oj data from adult human males receiving estrogen 
intramuscularly 

(See text for description) 





La- 

Time 


Subject 

Flnser- 

In- 

tent 

to 

Poitural adjustment 

volume 

1 crease 


maxi- 

skin temDcrature 



1 

od 

mum 



cc. 

1 per 
cent 

mtn 

utee 

min 

ulej 

XO minutes standing 

GWT) 

12 

3JS 

6 

60 


R.H 

! 12 

3^3 

6 

36 


MXI 

18 

3X30 

2 

15 


JSM 

: 14 

7J0 

3 

20 


TEM 

14 

6 65 

2 

37 

-OS” c 


20 

13J0 

2 

40 


SIUMJE 

10 

3*80 

1 ' 

30 

-os^c 


10 

2 JO 

10 

25 



10 

2 70 

4 ' 

33 



10 

500 

10 

50 



10 

2 10 

18 1 

38 (S 

itflboeatrol used) 
itUboestrol used) 


10 

200 

14 

30 (S 

FA5 

10 

640 

7 ' 

40 

— 0 4^ C 

CV 

10 

8J0 

3 

48 

-0 7” C 

WFH 

15 

4*80 

3 

37 

-0 7° C 

AHJ^ 

12 

3J0 

7 

50 


FX-J- 

21 

080 

2 

20 


R^G 

11 

(ISO) 

6 

(Leak 

in system, observaUon 




discontinued) 


a 

(1 10) 

2 

(Leak In system observation 




disc 

ontlnued after 8 minutes) 

EBD 

17 ' 

0 ' 


1 


B W 

12 

0 



-0 4” C 

CLS I 

14 j 

0 1 



- 10° C 

JES ’ 

12 

0 



-0 6° C 

JdlP 

10 1 

0 



-0B° C 


10 

0 




FWH 

8 

0 



o 

o 

0 

1 

HCJ.1 

12 

12 

2J3 

2 10 

14 

52 

27 1 

(Gave positive response to 
com oil vehicle alone) 

ADIB 

20 

170 

■i 

30 

(Gave response to corn oil 






■vehicle alone) 


knew nothing of what was being injected, other 
than that it was a harmless oily preparation, or 
they knew that estrogen or the inert oil vehicle 
was to be used The exception to this was in 
early experiments on one of us (S R M R), 
at which tune only the active hormone was avail- 
able After the first few observations the injec- 
tions w'ere made as unknowns 

The preparations used were Amniotm (Squibb), 
containing 10,000 (predoimnantly estrone) units 
per cubic centimeter, and the com oil vehicle alone 
prepared in ampules exactly like those containing 
the estrogen Stilboestrol (4 4' dihydroxy a, p 
diethylstilbene, a synthetic compound having es- 
trogemc properties), 1 0 mgm per cc , was used 
twice “ 

In an experiment, the subject wns seated com- 
fortably, the arm supported snugly m a holder 
so that a finger was held without constnction in 
a volulne-recorder of the type devised by Johnson 
(19) The recording droplet oscillated wnth each 

2 We are indebted to Dr J A. Morrell for generous 
supplies of these preparations 


pulse beat, with readings easily obtainable t( 
cc Records were also kept of the tempei 
m the plethysmograph, the room temperatuu 
the skin temperature measured on the nail-t 
the finger next to the one in the apparatus 
temperature was recorded by means of a ' 
and Northrop potentiometer designed esp( 
for measunng body temperatures and calibra 
degrees Centigrade and degrees Fahrenheit 
thermocouple was a twenty guage iron-const 
junction, the system was sensitive to 0! 
Each experiment consisted of a period of c 
recording lasting twenty to sixty minutes 
conditions became constant (except two ins1 
in which the subjects were nervous), inj 
was made intramuscularly into the tnceps n 
of the free arm Readings were made at 
minute intervals for a period of twenty to 
mmutes, after which readings were made at 
or five-minute intervals until from fifty m; 
to an hour had elapsed 

RESULTS 

The results noted in detail in Table I are 
manzed in Table II Here it will be seer 

TABLE n 


General summary of data contained in Table I 


Types of response ' 
to estrogen 

Num 

ber 

of 

sub- 

jects 

Number 
of re 1 
spouses 1 
to ' 

estrogen ! 
made 

Re 

sponse 

to 

com 

oil 

Aver- 
age 1 
In 

crease 

1 

Aver 

age 

latent 

period 

Positive 
response to 
estrogen 

1 

12 

19 

1 

i 

0 ; 

per 

cent 

46 

train 

uSes 

57 

Negative 
response to 
estrogen 

6 

7 


0 

0 

Positive 
response to 
estrogen and 
com oil 

2 

3 

+ 

20 

1 

8 


two main types of response were obtained 
some subjects there was no discernible effe 
estrogen upon finger-volume or skin tempei 
(six subjects) while in others (twelve subji 
the finger-volume increased appreaably, altl 
there was no noticeable change in skin tern 
ture In general, the response had the folk 
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of blood in the finger One must conclude there- 
fore, that the increase in the volume of the finger 
after estrogen h not associated with a sigmficant 
increase in the rate of blood flow, and that the 
heat dissipates rapidly as the finger volume change 
takes place slowly It has been characteristically 
observed, however, that, m some subjects much 
more than in others, the imtial phase of the nse 
m finger volume is associated with a transient 
feeling of warmth over the body and especially 
over the face, neck chest and upper arms Occa- 
sionally there is a feelmg of clamminess as the 
subj ect perspires At such tunes the finger volume 
may dimimsh owing to vasoconstnction resulhng 
from the cool stimulus that necessarily follows 
loss of heat by rapid evaporation of sweat This 
sensation should in no way be construed as a 
simulated menopausal flush since it is the normal 
response of the body to stimulation of warm re 
ceptors as the warm blood first moves mto the 
skin The mechamsm is m all probability com 
parable to the paradoiocal cold and warm sensa- 
tions that can be ehated in normal persons under 
suitable arcumstances (20) 

Differing from either of the two types of re- 
sponse described above is a third which occurred 
m two subjects (H M and A DB ) In these 
cases an increase m finger volume was observed 
after mjection of Ammohn although an equally 
large response was obtained after injection of the 
com oil vehicle alone. Consequently these two 
subjects are not included m the group of indi 
viduals considered to have responded speafically 
to the estrogen 

DISCtlSSION 

Vanatwns tn retpotise to estrogen As noted 
m Table IT approximately two-thirds of the sub- 
jects responded to injection of the estrogen Six 
subjects showed no response whatever The rea 
son for this is not known. Unsuccessful attempts 
have been made to correlate the failure to respond 
with other conditions (eg , blood pressure levels 
skin colonng constitutional type, vasomotor m 
stability tendency to perspire sensitiveness to 
heat and cold etc.) There is but one correla 
non that appears suggestive, namely the vaso- 
motor adjustment that takes place m the skin of 
the lower leg dunng the first ten mmutes of 


standing from a reclming position (cf 21) The 
data suggest that those subjects who fail to rv 
spond to estrogen show less marked vasoconstnc 
tion of the skin vessels (fall of skm temperature) 
upon standing than do those who respond to 
estrogen One deception to this was noted, how- 
ever wherein the skin temperature dimmished 
one degree Centigrade after eight minutes, yet 
the subject did not respond to the hormone 
(C L. S ) This subject was by far the most 
muscular of the individuals used m these expert 
ments, although the beanng of this fact on the 
problem at hand is not evident 
Whatever the reason for the failure of some 
individuals to give the peripheral vascular re- 
sponse to estrogen may be the fact remains that 
m a majonty of the males studied in this senes 
the response to estrogen was promjit m onset 
and defimte in degree, while com oil alone failed 
to give such a response Whether or not the 
androgen level of a subject is a modifying factor, 
servmg to potentiate or inhibit the vascular re- 
action to estrogen, is not known, although it is 
probable that this and other unappreaated endo- 
crine factors exert a modifying action on the vas- 
cular response to estrogen 
Site of the vascular action of estrogen A num 
ber of considerations jiomt to the fact that the 
vasodilatation resultmg from admimstration of 
estrogen involves the smallest blood vessels, 
namely the capillanes and venules of the skm 
In the first place, if arteriolar dilatation were 
mvolved an mcrease in the rate of blood flow 
would occur and this would bring about a sus- 
tained mcrease m skm temperature. Such is not 
the case however Secondly, Carlom observed 
(14) that dilatation of the nail bed capillanes 
after admimstration of estrogen occurs with a 
simultaneous decrease of capillary blood pressure, 
Systohe and diastolic blood pressures m the 
brachial artery are unaffected This result could 
be accomplished m subjects with normal blood 
pressure only by vasodilatation beyond the ar- 
tenoles Lastly, direct observation of the action 
of estrogen adiranlstered intramuscularly to ovar- 
lectomized rabbits proved that vasodilatation m 
the ear of the rabbit involves the smallest blood 
vessels lying beyond the artenoles (22) These 
smallest vessels do not receive a sympathetic nerve 
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the finger that the \^cular alterations are limited 
Accordingly, the percentage increase is in reality 
about double the value stated here and in Tables 
land II 


The skin temperature remained constant or 
fluctuated slightly, unless vasoconstriction oc- 
curred The temperature of the plethysmograph 
likewise did not vary, despite the increased amount 


G w 0 



R H 



35 « 

30 ® 

25 ® 

20 ® 


Fig 2. Records of the Response of Increased Fincee-volumb to Administration of 

Estrogen in Two Subjects 

Subject G W D was nervous, as reflected m the variable base line during the control 
penod and the fluctuations m skin temperature, indicating alterations m the rate of blood flow 
through the skin. Subject R, H. had a vanable skin temperature at first, although this became 
more constant as the finger-volume mcreased to a plateau. 
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supply (23), SO It IS necessary to conclude tenta- 
tively that the vasodilating action of estrogen m 
susceptible indmduals is mediated by another, 
possibly direct, mechanism It would appear to 
be significant m this respect that the dilating 
effect of estrogen on the vessels of the rabbit’s ear 
may be inhibited by prior injection of atropme 
(22) This observation is in accord with the 
effect of atropine on the intense hyperemia which 
estrogen bnngs about m the uterus (14, 24) It 
may be, therefore, that the penpheral vascular ac- 
tion of estrogen upon certain parts of the systemic 
circulation resembles qualitatively, though in min- 
iature, the recogmzed effects of estrogen upon 
the blood vessels of the uterus Further work is 
necessary to render this conclusion certain, while 
its relation to the well-estabhshed effect of es- 
trogen upon the neurovascular disturbances of the 
menopause remains to be demonstrated by direct 
observation upon women who require such treat- 
ment 

SUMMARY 

1 The effect of intramuscular mjechon of es- 
trogen upon the volume and skin temperature of 
the finger -was measured in a group of twenty 
adult human male subjects 

2 Approximately two-thirds of the subjects 
showed an effect involving an increase in finger- 
volume, commencmg a few minutes after injec- 
tion and continuing from thirty to sixty minutes 
A plateau level is attained which is sustained for 
the period of observation (maximum time up to 
two hours) The average percentage increase in 
finger-volume was 4 6 No change in skin tem- 
perature was noted in such cases 

3 Injection of the corn oil vehicle alone (as 
an unknown) had no such effect on finger-volume 
m these subjects 

4 The character of the response, along with 
other established facts regarding the vascular ef- 
fects of estrogen, indicates that it depends upon 
dilatation of the small vessels m the skin beyond 
the arterioles There is no measurable increase 
in the rate of blood flow m the skin 

5 The failure of estrogen to bring about dila- 
tation of the skin vessels m some subjects is 
imexplained 
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In previous publications (1, 2) certain prom 
inent features of the mechanism of hemolysis 
in xntro have been desenbed for patients with the 
syndrome of chrome hemolytic anemia with 
paroxysmal nocturnal hemoglobmuna Marchia 
fava Micheli disease (3, 4, 5) The erythrocytes 
from the 5 patients studied (2) were hemolyied 
by all fresh human serums of compatible blood 
groups the degree of hemolysis being increased 
by aadification Patients' serums however, pro- 
duced no hemolysis of normal erythrocytes The 
inhibitory effect on the hemolysis of heat and 
certain salts known to inhibit serum complement 
pointed to an assoaation of the phenomena of 
lysis with complement GDnsequently the ques 
tion was raised was this hemolysis the result of 
an immunological reaction requinng complement? 
Augmentation of hemolytic activity by increased 
aadity did not rule out this possibility, since cer- 
tain known antigen antibody reactions may be en- 
hanced by aadification (6 7) Nor did the loss 
of activity occurring with a small amount of dilu 
tion (1 4 or 1 5) militate against the hypothesis, 
for the system could be likened to one m which 
a small amount of antibody was present, thus rc- 
qumng a large amount of complement for hemoly 
SIS to occur (8) This mvestigabon ^'as, there- 
fore, undertaken to determine whether or not the 
ordinary components of an immune system — 
antibody complement and antigen — could be 
demonstrated 

([llonsidenng the hypothesis that a hemolytic 
antibody was concerned m the reaction there 

1 The investigation was aided in part by a grant from 
the Penrote Fund of the American Philosophical Sode^ 

= This work was done during the tenure of the Jama 
Jackson Cabot and DeLamar Fellowships 


were at least two possibibhcs first that the anti 
body \vas present m serums of both patients and 
normal subjects, and second that the patient^s 
eiythrwytes were ' sensitized ” in vivo by a 
hemolytic antibody and required complement for 
hemolysis as suggested by Jordan (6) 

For the sake of simpbaty the data are pre 
sented m following order (J) examination of 
scrum for the presence of hemolytic antibody, 
(2) relation of complement to the mechamsm of 
hemolysis (3) antigemc properties of patient’s 
and normal red blood cells (4) examination of 
patient’s red blood cells for hemolytic antibody 
(5) comparison with human isohemolysins (d) 
susceptibility of patients erythrocytes to hemoly 
SIS m immunological systems and (7) suscep- 
tibility to hemolysis in non immunological sjrs 
terns The case numbers correspond with those 
employed m the previous pubbcation in whidi 
case reports were given (2) 

GENERAL METHODS 

Hemolysu of patients* red blood cells iiupcndcd in 
frob wrura* m xntro did not necosarilj occur at the 
natural pH of serum (1 2) but wai alway* obierved 
when the aadity of lerum wai increased by addition of 
certab adds. For this reason the hemolysis tat was 
performed with acidified s erum unJ«s otherwise noted. 
In these data the term hemolytic actiinfy ** refers to the 
degree of hemolysis of patients crythrocyta in such a 
test The completnent concentration of scrum Is ex 
prosed in units per cubic centnneter 
In the hemolysis test teiih acidified strum dacribed 
in detail previously (2) packed washed red blood cells 
from IXS cc of a S per cent suspension were rauspended 
In plasma (heparin) or serum aadthed by the addition 
of a S per cent by voluine of 0.85 normal lactic add or 
normal hydrochloric acid and In cuba ted for 1 or 2 
hours at 37* C Under these ci r p^mitanca 
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for the presence of a hemolytic antibody which 
was any more readily absorbed than was serum 
complement either from the patients serum or 
from normal scram There was no demonstrable 
difference m this respect between patients' serums 
and normal serums However, as with sheep 
cells when by repeated absorptions the comple 
ment concentration of either serum was materially 
reduced, its hemolytic activity for the patients 
cells was correspondingly reduced In these ex 
penments the red blood cells from patients and 
from controls exhibited no apparent difference m 
absorptive activity Normal cells and patients 
cells were not sensitited nor hypersensitizcd re- 
spectively, by treatment m the patient's serum 
(Table I) Contrary to the report of Daae, 
Israels and Wilkinson (13), there was no evi- 
dence that previous chilling at 0® C of mixtures 
of patients cells and serum mcreased the subse- 
quent hemolysis at 37® C The methods em- 
ployed m making these observabons are described 
immediately below 

In further examinations for the presence of 
antibodies it should be emphasired that no cold 
agglubmns or isoagglutmins were ever observed 
at temperatures of from 0® C to 37® C for the 
cells and scrum of patients wth paroxysmal noc- 
turnal hemoglobinuna or for normal cells of 
compatible blood groups suspended m thar 
serums Isohcmolysms for the red cells of blood 
group 1 1- A were encountered m the serum of 
Case I whose blood was of group IV-O 

EXPERIMENTAL 

Absorptions vnth intact red blood cells were pcrfomied 
wjth *ainple» of 3 cc. of scrum from Case 3 and from a 
control Each was absorbed at the natural pH of the 
sennn by U cc. of WMhed padeed erythrocytes both 
from 3 and from the control at 0 C for 6 and for 
15 bonri The scnim from each of these 4 combinations 
■was then aadihed and tested for hemolytic activity The 
treated lenims showed the same lyilc activity as nn- 
absorbed sennns for the erythrocytes of Case 3 The 
procedure was then repeated as above except that the 
scrums were adjusted to a pH of 6.6 by the addition of 
5 per cent of H nonnal HO and the two absorptions 
were performed for 3 h ou r s each the results were the 
lame. 

In 2 observations the serum from Case 1 was ab- 
sorbed repeatedly at 37 C with samples of 1J3 cc. of 
padeed red blood cells from Case 1 and from a control, 
respectively employmg ZS cc. samples of scrum at its 


natural pH. In the first observation with cells from Case 
1 5 successive absorptions for 30 minutes each produced 
moderate hemolysis during the procedure. The hemolytic 
activity of the acidified scrums for cells from Case 1 was 
before absorption, 13 per cent after absorption with pa 
tients cells, 7 per cent after absorption with nonnal 
cells, 11 per cent In the second observation, 5 ab- 
sorptions of 15 minutes each were employed. The 
hemolytic activfty of the acidified serums from Case 1 
for homologous cells was before absorption, 11 per 
cent after absorption with patients cells, 11 per cent 
after absorption with nonnal cells 7 per cent These 
variations were not considered to be significant 

Absorptions were made xetik stroma prepared by the 
method of Thaimhauscr and Setx (14) from the erythro- 
cytes of Case 3 and of a normal controL Samples of 
scrum from Case 3 were acidified to a pH of 6.6 by the 
addition of lactic aad and absorbed for 90 minutes at 
37 C with 5 per cent by volume of washed packed 
stroma from both patient and control, respectively 
These treated serums showed a slight but equal dimtnu- 
tion of hemolytic activity for the cells of Case 3 and an 
equal decrease in complement titer from 48 to 12 units 
per cubic ctsitimetcr 

Exposure of pocked red blood cells from patients to 
fresh homologous serum and to nonnal scrum was carried 
out as follows In one observation 0.25 cc of cells from 
Case 3 were treated repeatedly at 25 C for 10 minutes 
with samples of 1 0 cc of fresh serum from Case 3 at its 
natural pH. The hemolysis of these cells when sus 
pended m fresh samples of acidified serum was untreated 
cdls, 11 per cent cells treated once with fresh serum, 
10 per cent cells treated 6 times with fresh scrum, 8 
per cent. There was no evideDce, therefore, of hyper 
sensituatioo of patient’s erythrocytes. In anolber cx- 


TAB1.E I 

Patient s erythrocytes not hypersennttsed by own serum * 


Serujo Batitaref 

Henwlrib of red Uood cella from Case 3 
afUr treatmest whb aenira or taUoe 

Actlvt >enuo | 

1 

Seiflija 
beatfd at , 
56* a tor 1 
5 Ditinitea 

Healed 
•erum from | 

CaaeJ 

Heated 
aenjiu from | 
normal 
rnbject ' 

Safloa 

tnwu 

uni 

trr etui 

trr (tnl 

t«r uut 

100 


90 

10 0 

njQ 

80 1 

20 

40 

40 

6.0 

50 

50 

OJ 

01 

IJ 

40 

60 

1 0 

1 0 

1 1 0 

30 

70 

0 

1 0 

1 0 

Saline 

0 

1 0 

1 0 

. 0 


* Washed packed erythrocytes from Case 3 were made 
to a S per cent suspension m serum (heated 56 C, for 
5 minates) from Caw 3 from a normal sultiect and in 
ea^e. Mixtures were incubated 1 hour at 37 C chQled 
15 hours the sopematant removed and hemolysis of 
treated ceils tested with mixtures of active and inactive 
serum from Case 3 

J - 1/3 Nonnal hydrochloric acid 5 per — 

lime, saline not acidified 



658 


THOMAS HALE HAM AND JOHN H DINGLE 


erythrocytes were never significantly hemol> 2 ed. Venous 
blood defibnnated with beads was the usual source of 
serum and cells As anticoagulant, heparin in a IS per 
cent solution in distilled Avater was employed m a con- 
centration of 130 mgm per 100 cc, of blood. This 
concentration does not inhibit complement The degree 
of hemolysis was estimated by inspecbon or by deter- 
mmation of the hemoglobin concentration of the super- 
natant serum, employing a modification of the benzidine 
method of Bmg and Baker (9) described previously 
The action of normal isohemolysms was excluded by 
emplovmg, as controls, blood samples of the same or of 
compatible blood groups. 

The complement concentration was determined by m- 
cubation for 1 hour at 37“ C of the mixture consisting 
of 0 5 cc. of a 2 per cent suspension of washed sheep 
cells, 2 units (0 5 cc, of a 1 2250 dilution) of anti- 
sheep cell rabbit serum, and 0.5 cc. of serum in graded 
dilutions The highest dilution of complement givmg 
complete hemolysis was considered as the endpoint. For 
the sake of numencal expression and comparison of 
potency, three times this dflubon was considered as the 
number of units of complement per cubic centimeter, 
which must be regarded as a rough approximation due 
to the error m a titration of this type (10) 

1 Examination of serum for hemolytic antibody 

Fresh human serum either from the patients or 
from normal subjects \vas required for hemolysis 
of the patients’ red blood cells It was essential, 
therefore, to determine whether these serums con- 
tained a lytic substance which could be classified 
as a speafic or non-speafic antibody and which 
could be distinguished from the normal comple- 
ment or alexin of fresh serum The relationship 
of complement to the hemolytic mechamsm is 
discussed m the next section In the expenments 
reported below a senes of observations was made 
companng the hemolytic activity of samples of 
serum from (3ases 1 and 3, normal infants, normal 
adults, and from patients whose serums contained 
abnormally elevated concentrations of hemolytic 
heterophile antibody Finally, the serums were 
tested by certain absorption procedures known to 
remove antibodies and by methods designed to 
show the transfer of an antibody from serum to 
red blood cells (sensitization) In these pro- 
cedures, however, no evidence was obtained for 
the presence of a hemolytic antibody m the serum 
of patients and of normal subjects 

a Infants’ serums Since the serums of in- 
fants between the ages of 8 and 20 months are 
known to be relatively free from natural anti- 


bodies (10, 11, 12), the hemolyhc activity of 7 
such serums ivas tested on the red cells from 
Case 3 and on cells from a normal control of the 
same blood group (I-AB) None of the infants 
were of type I-AB but none of the serums 
showed isohemolysms for the normal type I-AB 
erythrocytes However, each acidified infant’s 
serum produced sigmficant hemolysis of the ery- 
throcytes of Case 3 but not of normal erythro- 
cytes The degree of hemolysis of patient’s cells 
was 10 per cent or greater for 3 serums, approxi- 
mately 5 per cent for 2, and 3 per cent for 2 
Complement titers varied between 24 and 48 umts 
b Heterophile antibody The hemolytic het- 
erophile antibody for sheep cells was entirely re- 
moved from the fresh serums of Case 3 and of 
normal adult controls by absorptions at 0° C 
with packed washed sheep cells Such serums 
when subsequently aadified maintained their 
hemolytic activity for the erythrocjTes of Case 3 
if the serum complement had not been reduced 
matenaUy When both complement and hetero- 
phile antibody were removed by the sheep ery- 
throcytes the serums were no longer hemolytic 
Four serums with heterophile antibody demon- 
strable by agglutination of sheep cells at dilutions 
of from 1 64 to 1 256 were obtained from pa- 
tients convalescent from infectious mononucleosis 
and tested for their effect on erythrocytes from 
Case 3 and from a normal subject None showed 
isohemolysms for group I-AB cells The fresh 
aadified serum from one of tlie 4 patients pro- 
duced no hemolysis of normal cells, however, and 
no more hemolysis of cells from (3ase 3 than was 
observed with a normal serum The serums of 
all 4 patients produced no hemolysis of cells from 
Case 3 when 20 per cent by volume of whole 
guinea-pig serum ^vas added as complement to 
the above serums which had been heated for 30 
minutes at 56° C and then aadified In this 
regard these serums were similar to normal 
serums as discussed m the next section 

c Absorption tests for hemolytic antibody In 
the following observations the serum from pa- 
tients and normal controls ivas studied for the 
presence of hemolytic antibody by various ab- 
sorption procedures Either red blood cells or 
their stroma from (3ases 1 and 3 or from ap- 
propnate normal subjects were utilized as poten- 
tial absorbing agents No evidence was obtained 
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EXPERIMENTAL 

Abiorpilon by tensUtsed or uruensUised tnfluenea 
bacUU of lernnu from Caie 3 and a normal eubject de- 
created or removed compleniait, and correapondingly of 
fected the hemolytic power of the treated aenrnit. 
Hemophilus mflutneae was gro w n on 12 agar plates 
and a heavy suspcmlon made m 40 cc. of salbe. To 
sensitize the organisms, equal volumes of suspenjloa* 
and anti Infliicnia rabbit scrum diluted 1 40 were mixed 
and meubated 30 minutes at 37 C The imm une rabbit 
scrum vras prepared as described by Dingle, Fothcrgill 
and Chandler (10) For absorption of human serum, 
measured quantities of suspension were packed by centn 
fugatlon, the supernatant fluid discarded, and the organ- 
isms resuspended m serum. After Incutation for 1 hour 
at 37* C the serum was removed and acidified. 

Standing at room temperahtre is well known to de- 
crease the concentration of serum complement Ac 
cordlngly 2 normal scrums and the serum of Case 3 
were allowed to stand under sterile oonditioas at 25 C 
for 5 days. By this means a reduction of complement 
from 48 units per cc. of serum to a trace was obtained. 
The hemolytic activity was absent from 2 and greatly 
reduced in the third serum. The addition of 20 per cent 
hy volume of fresh undiluted guinea pig scrum to the 
stored lerunu made no significant change m hemolytic 
activity but partially restored the complement coacentra 
tiota to 24 units per cubic centimeter 

Repeated filtration through clean Berkefeld candles has 
been demonstrated by Strong and Culbertson (17) to re 
move all the known components of complement from 
fresh human serum. The thermolabile elemenb were the 
first to be removed and were not demonstrable In serum 
after from 3 to 6 filtrations. The hcat-stable third and 
fourth components could still be detected after 9 fUtra 
tions. 

In the present exper im ents after one Berkefeld 61 
tration of the 4 scrums tested, there was no measurable 
de crea se in complement coocentration, but the hemolytic 
activity was materially reduced In 2 instances and ellm 
inated m 2 instances. The addition of 20 per cent by 
volume of fresh undiluted gumea pig scrum restored the 
hemolytic activity completely m 1 instance, partially in 2 
instances and failed to restore It in 1 mstance. 

After 5 passages through Sati filters there was oo 
detectable complement or hemolytic activity The 
hemolytic activity however was not restored by the 
addition of 20 per cent by volume of fresh undiluted 
guinea pig serum. 

c Inhbihon of cotnplnnent Aa reported in 
previous communications (1 2), certain aads and 
salts (sodium atrate atnc aad, potassium oxalate 
and potassium cyamde) completely inhibited the 
lysis of the patients’ red cells in the usual hemoly 
SIS test with aadified scrum or plasma. Partial 

• These suspensions were prepa red through the coiff 
teiy of Dr L. R. Sadmaa 


inhibition Vr'as observed with oxalic and phos- 
phoric acids and with hqiann m con centr ations 
greater than 130 mgm per 100 cc. of blood 
Jordan (6) reported similar results in this dis- 
ease with the above anticoagulants as well as with 
fluonde, hirudm and Hquoid (Roche) Otlicr in 
vcstigatora (18, 19 20) have shown that the 
aads and salts referred to above mhibit comple- 
ment action There was a definite paraUeltstn, 
therefore, between the inhibrtory action of these 
agents both on complement and on hemolytic 
activity 

d Removal or vioctivahoii of fracUons or coin 
ponents of complement Clomplement can be 
separated by the proper procedures into globulin 
and albumm fractions and third and fourth com 
ponents (21 22 23) The globuhn fraction or 
midpicce and the albumin fraction or cndpiece 
both contain thermolabile elements (7) These 
two fractions however, contain the essential com- 
ponents of complement since their combination 
restores the full activity of complement The 
third component can be removed by yeast or zy- 
imn (17, 22) or can be inactivated by cobra 
venom (24, 25) The fourth component can be 
inactivated by ammomum hydroxide or am 
monium salts (23) The third and fourth com- 
ponents are relatively heat stable Serums treated 
by such procedures have no apparent complement 
activity when used alone and recombination of 
these fractions restores complement action only 
when such mixtures contam qualitatively the 
above constituents, each m active condition. Ac- 
cordingly serums from patients and controls were 
treated b> procedures described below m order 
to separate, remove or inactivate these individual 
components of complement. Thereafter, tlic 
complement titer and hemolytic activity of the 
serums were determined before and after tlie 
addition of scrum from the guinea pig and from 
certain other ammaU 

The glohnlm and albumin fractions after 
separation showed neither complement nor hemo- 
lytic activity when employed alone but both quali- 
ties were restored by recombination of the 
fractions 

experimental 

The albumin and globulin fractlom of human serum 
were separated as described by Ueftnann (21) The 
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perimcnt 5 per cent suspensions of washed red cells from 
Case 3 were made m heated serums (56° C. for 5 
minutes) from Case 3 and from a normal subject, and 
in salt solution, respectively The suspensions were 
incubated at 37° C for 1 hour and stored overnight at 
5° C After removal of the supernatant fluids the treated 
cells were resuspended m varying mixtures of heated 
and fresh acidified serum from Case 3 in the proportions 
show m Table I There was no evidence of increased 
sensitization of cells to hemolysis by previous exposure 
to the serum of Case 3 

2 Relation of complement to the mechanism 
of hemolysis 

No evidence was obtained from the above ob- 
servations that a hemolytic antibody was present 
m the serums examined A serum factor tv as 
essential for hemolysis, however, and had many 
charactenstics similar to those of serum comple- 
ment as mentioned above A prominent excep- 
tion, however, to these resemblances between the 
serum factor and complement is the previously 
reported (1, 2, 13, IS) failure of fresh gumea-pig 
serum to restore the hemolytic acbvity of human 
serum heated at 56° C for 30 minutes This 
problem is further investigated below, espeaally 
because Dingle, FothergiU and Chandler (10) 
have shown that certain immunological reactions 
require human complement and are not activated 
by animal serums Accordingly, in order to com- 
pare further the behavior of the serum factor and 
of complement, the serums from 5 patients and 
from normal subjects were treated by procedures 
known to increase, decrease, or inhibit the action 
of complement as a whole or of one or more of 
tlie components of complement (7) Serums 
treated in this manner were then examined for 
tlieir hemolytic activity for patients’ red cells and 
for their concentration of complement 

a Increase of complement concentration The 
concentration of complement in human serum was 
increased by tivo procedures, first, the addition 
of gumea-pig serum, and second, the desiccation 
of human serum by lyophilization (16) and reso- 
lution of the dned material m one-half the onginal 
volume The alkaline pH of lyophilized serum 
was adjusted by the addition of lactic acid and 
tested, as was the onginal serum, over a range of 
pH of from 6 to 8 (2) 

In 13 of 15 observations the addition of 20 per 


cent by volume of fresh undiluted guinea-pig 
serum to active human serum from adults pro- 
duced a significant increase m complement titer, 
when compared to the onginal human serum, and 
a significant increase m hemolysis of the patient’s 
erythrocytes but no hemolysis of normal erythro- 
cjdes These results are in agreement with those 
of Daae, Israels and Wilkinson (13) In 2 in- 
stances there was no increase in hemolysis of 
patient’s cells With infant’s serum the results 
of the same procedure were not umform Al- 
though the complement titer was increased in all 
instances, a definite increase in hemolytic activity 
was observed in only 2 instances, a slight increase 
in 2, no change in 1, and hemolytic activity -was 
entirely eliminated m 2 instances There was no 
apparent explanation for the latter observation 
Lyophilised serum redissolved in its original 
volume contained the same apparent complement 
concentration as the onginal serum but its hemo- 
lytic activity was always decreased significantly 
Lyophilized serum, which was redissolved in one- 
half Its onginal volume and which contained twice 
the original complement concentration, produced 
either no hemolysis of patient's erythrocytes or 
only slight hemolysis Thus lyophilization ap- 
parently decreased the lytic activity of human 
serum for patient’s cells without demonstrable 
alteration of complement content 

b Decrease of complement concentration As 
already stated in section 1, when human serum 
was treated wth sheep or human red cells or with 
the stroma of human red cells, the serum was 
rendered non-hemolytic for patient’s erythrocytes 
in those instances in which complement was sig- 
mficantly reduced In the following observations 
a direct study of the effect of decreasing the 
complement concentration ivas undertaken The 
reactive components of complement were removed 
in part or completely from human serum by each 
of 3 procedures absorption with sensitized or 
unsensitized influenza baalli , standing at room 
temperature, or by filtration through Berkefeld 
or Seitz filters (17) The hemolytic activity of 
the treated serums was then tested on patient’s 
erythrocytes and compared with the activity of an 
unmanipulated sample In general there was a 
direct correlation between the complement con- 
centration and hemolytic activity 
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TABLE V 

Companwn of human and [utnea-pii ampUmini • 


Gow o( 
•enuQ 
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. Hninan 
, •erumt 

best«d 

lstS«*C. 
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, "wH 
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enUm 
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1 of rrf 
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Iron 
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CozKen 

tmk« 

of 
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neffs 


of 
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Xr«Til 
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wixtitf* 

mixWt 



100 



+++ 

0 

24 



100 


0 

0 

0 

Patient 

50 

50 , 


trace 

0 

24 


20 

bO 1 


0 

0 

3 



%0 ' 

20 

Q 

0 

48 


100 



30 

trace 

48 


1 

100 ! 


0 

0 

0 

Control 

50 
30 ! 

50 

70 


19 

10 

0 

24 

12 


20 

80 


8 

0 

(S 



80 

20 

0 

0 

48 


• Effect of adding haman scrum and guuica pig serotn 
to hcat4nacttvated hocnan serum. 

t Approximate heraolysiB 
•f 10 per cent 
•+•4' 20 per cent 
+-4’4’ ^ P®" cent 

JLictxcaod added (after heating) S per cent by volume* 
10 TEu!i)imo\ax concentraxkn 

EXPERIMENTAL 

Human sentm ttuj htaied jar 7 tnfnatef at varwn* 
femperaturcs betw e^ t 40 C and (50 C The romit* 
arc shown In Table XL At 40 C and 45 C no »ig 
nificant loss of complement or hemolytic power occurred. 
At 50 C, complement was only moderately decreased in 
concentration but hemolytic actmty was completely 
elimmated. At 55 C and 60 C both qualities were 
destroyed. As shown m Table 111, s erum healed at 
50 C for 7 minutes was not hemolytic when nsed alone 
and the lytic power was not restored by the addition of 
20 per cent by volume of fresh human serum- Gumea 
(ng serwn however added to ludi heated scrum fn a 
coocentratioa of 10 per cent by volume of xmitiluted fresh 
scrum Increased the complement titer and restored to 
part the hemolytic activity 

Human scrum ttKis h<attd at 5d C for tsanour 
of ilmr from 1 to 3C mmutes The results are shown in 
Tabic IV Scrum so heated for 1 mmutc showed dimin 
ished complement concentration and no hemolytic power 
The addition of gtanca pig scrom as employed above 
restored completely the complement titer and also re- 
stored m part the hemolytic power Alter heating for 
from 5 to 30 gi unites, however both complement and 
hemolytic activity were absent Although the comple- 
ment titer was restored by adding guroea-pig serum, the 
hemolytic activity was not restored to these mixtures. 

Huffion serum ond certain anmaJ serums were further 
investigated as sources of the thcnnolabUe components ol 
complement Ifccturci of fresh human serum (20 to 50 
per cent) and beat inactivated human serum showed 


hemolytic activity which vaned roughly as the comple- 
ment titer as evident from the data m Table V (see 
also Table I) 

Guntea P\g serum was investigated for Its effect in 
cooceitratiwis up to 50 per cent by volume of fresh 
undiluted serum added to heated human serum, Guinea 
pig serum m dllutioas of from 1 5 to 1 40 was added 
to an equal volmnc of a 5 per cent suspension of patient s 
and ot normal cells, respedively For these expenments 
whole guinea pig scrum was first absorbed with an equal 
volume of wajdied packed human erythrocytes for from 
30 to 90 mmotes at 0* C m order to reduce the con 
ccntration of bemolytins of guraea pig scrum for buman 
cells. In these observations, st»di absorbed serum showed 
full complement activity but did not restore hemolytic 
activity to heated humto scrum, nor produce hemolysis 
when employed alone in the above dilutions. The same 
results were obtained m identical experiments employinfl 
unabsorbed scrums from rabWt, dog sheep and steer 
When high concentrations of these unabsorbed animal 
scrums were employed, hemolysis was obierred in 
similar amounts for patients cells and for normal cells 
of all 4 blood groups. 

The ihrd coni^oiinif of complement was re- 
moved from serum by zyroin made from yeast 
Tbete waa a direct correlation between the re- 
moval of hemolytic activity and of complement 
depending upon the volume of zymin and the time 
employed for absorption Hemolytic activity al 
■ways disappeared before complement was entirely 
removed Combination of equal quantities of 
zymm treated and of hcat-inactivated human 
serums showed only slight return of complement 
activity and no return of lytic power It ^vas 
impossible by the methods employed to restore a 
high concentration of complement m such mix 
tures However whole untreated guinea pig 
serum did restore a high complement concentra- 
tion to zyrom inactivated human serum and in 2 
of 4 ohservatjona restored in part the hemolytic 
activity to the rymm treated human scrum. 

EXPERIMENTAL 

Strums from paticats and controls were treated with 
measured amounts of xymm prepared from baker • yeast 
by the Strong and Culbertson (17) modification of the 
method of Whitehead, Gordem and Wormall (2Z) 
Zynun suspensions were centrifuged and the supernatant 
flidd was discarded. The packed lymin was then resos 
pended m the scrums in concentrations of from 0.5 to 6 
per cent by volume and the moctiire incubated at 37 C 
for from 15 to 30 minutes. 

The fourth component of complement was in 
activated by the use of ammonium fo^droxide. 
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serum, diluted 1 10 with distilled water, was saturated 
with carbon dioxide at room temperature for 10 mmutes 
and the preapitated globulin removed by centrifugation, 
ivashcd 3 times with distilled water and dissolved in the 
same volume of saline as the ongitial serum The super- 
natant solution contaming the albumin fracbon was dried 
by lyophilizabon and redissolved m the same volume of 
distilled water as the ongmal serum. When both frac- 
bons were recombined the precipitated globulin was 
dissolved m the albumin fracbon, thus restormg the mix- 
ture to the same concentration of these consbbients and 
of salts as existed m the original serum. 

The thennolabile components of complement 
were inactivated m the following observations by 
exposure of human serum to varying tempera- 
tures The hemolytic activity of serum disap- 
peared before complement was measurably de- 
creased m concentration or when only moderately 
decreased Heated human serum, showing no 
lytic activity but defimte complement activity, al- 
ways showed partial restoration of Ijdic activity 
on the addition of fresh guinea-pig serum When 
human complement was completely inactivated by 
heat, the hemolytic activity was ebminated It 
was not restored either by small amounts of fresh 
human serum or by the fresh serums of certain 
animals including the guinea-pig The data from 
representative observations are shown in Tables 
II, III, IV and V, and the procedures are de- 
scnbed bnefly below 

TABLE n 


Effect of heating serum for 7 minutes at 40-60'^ C * 


Temperatures 
of eerurat 
heated for 

7 minutes 

Source of 
senun 
Patient (P) 
Control (C) 

Hemolvris 
of red blood 
cells from 
Case 3 

Hemolysis 
of normal 
red blood 
cefls 

Concentra- 
tion of 
complement 

degreex 

untigrade 


pn uni 

per uni 

1 units per u 

Unheated 

p 

16 

0 

48 


c 

1 17 

i 0 

48 

40 

p 

16 

0 

48 


c 

15 

0 

48 

45 

p 

13 

0 

48 


c 

10 

0 

48 

50 

p 

0 

0 

12 


c 

0 

0 

12 

55 

p 

0 

0 

0 


c 

0 

0 

0 

60 

P ! 

0 i 

0 1 

0 


c 

0 

0 

0 


* Hemolytic activity of human serum disappears before 
complement at 50° C 

t After heating lacbc acid added, 5 per cent by volume, 
20 milhmolar concentrabon 


TABLE m 

Effect of adding fresh human serum and guinea pig serum 
to healed serum • 


Source of 
scrum 
I^tlent 

Control 

(C) 

Fresh 

human 

serumt 

Human 
seruml 
heatea 
at 50® C 
for? 
minutes 

Fresh 
; undi- 
luted 
guinea 
piff 

serumt 

1 Hemolysis 
of red 
blood cells 
from 
Case 3 

' Hemol- 
ysis of 
normal 
red 
blood 
cells 

, Concen 
tratlon 
of 

1 comple 
' ment 


per uni 

per uni 

per unt 



units 


of 

of 

of 

per unt i 

per unt 


mtxture 

mxxtvffe 

mixture 




p 

100 



16 


24 

c 

100 



13 

0 

24 

p 


100 


0 

0 

24 

c 


100 

1 

0 1 

0 

24 

p 

20 

80 1 

1 

0 1 

0 

12 

c 

20 

80 


0 

0 

24 

p 


90 

10 

8 

0 

48 

c 

i 


90 

10 

9 

0 1 

i 

48 


* Hemolytic activity was restored by guinea-pig serum 
and not by 20 per cent by volume of fresh human serum 
when add^ to human serum partially inactivated by heat 
t Lactic acid added, 5 per cent by volume, 20 millimolar 
concentration 

f Acid added after heating 


TABLE IV 

Effect of adding guinea-pig serum to human 
serum heated at 56“ C * 


Sotirce 
of serum 
Patient 
(P) 

Control 

(C) 

I Fresh 

1 human 

1 Length 
of time 
human 

1 serum 
heated 
at 

56® C 

Heated 

human 

eenimt 

Fresh 
undl 
luted 
guinea 
pig ^ 
serumt 

Hemol 

1 ysls of 

1 red 
blood 
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Case 3 

Hemol 
ysis of 
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red 
Mood 
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of 
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p 
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1 

24 
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1 
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20 
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p 

1 

1 
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0 

0 

0 

1 
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20 
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0 
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100 


0 

0 



1 

1 

80 

20 

0 

0 

1 24 

1 


* Hemolytic activity was restored by guinea-pi^ serum 
when human complement was only partially inactivated 
t Serum heated for intervals of 15, 20 and 30 rmnutes 
gave results identical with those heated for 5 and 10 
minutes 

X Lacbc acid added (after heatmg), 5 per cent by volume, 
20 millimolar concentrabon 
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hydroxide to prodoce a Bcnmi pH of 9^ to 91, the 
complement wa* similarly mactmted and was restored 
in part by the addition of an cqoal voiome of scram in- 
activated by heat (56 C for 5 minutes) The serum 
treated with sodhan hydroxide had no hemolytic activ 
ity for patient s cells, 

e Influence of tJie heinolyltc reaction on com- 
pleincnt concentration From the above observa- 
tions it was evident that complement or a comple- 
ment-like substance was closely related to the 
hemolytic activity of serum It was important, 
therefore, to mvcsbgatc whether complement was 
fixed or utihzed dunng the hemolytic reaction 
Wlien samples of aadified serum from (Dase 3 
or from a normal subject were treated repeatedly 
with packed washed red blood cells from either 
subject, hemolysis of patient s cells occurred m 
decreasing amounts with each exposure to fresh 
cells There was as usual, no significant hemoly- 
sis of normal cells After 4 such exposures, the 
complement concentrations of both the patents 
and the normal serums were decreased to one-half 
the onginal quantty and the scrums were ma- 
tenalJy dmnnished in hemolytc activity for pa- 
tients cells No evidence was obtained, there- 
fore, for speafic complement fixaton or utkza- 
ton by the process of hemolysis of patent’s cells, 
since normal human cells (without hemolynng) 
removed complement at the same rate, 

3 Antigenic properties of patient^s and of nomujl 

red blood cells 

The red blood cells of patents with paroxysmal 
nocturnal hemoglobmuna in contrast to those of 
normal subjects have been demonstrated to be 
abnormally subject to hemolysis m aadified bu 
man serum contaimng complement It was thus 
possible that the patent s cells had an antgemc 
structure differing from normal cells No srg 
nificant difference was observed ho\vevcr, be- 
tween the antgemc properties of red blood cells 
from Case 3 and from a normal subject of the 
same blood group when immune rabbit serums 
were produced against these erythrocytes and the 
antibody concentratons compared in cross-ab- 
sorpton expenraents 

EXPERIMENTAL 

Red blood celli from Cxse 3 and from a normal tub/ect 
of the iamc blood groop (I-AB) were obtained from 


defibrinated blood, waibed 3 times and made to 33 pct 
cent stiipcQsicms In tallDe. Three albtno rabbit* were 
injnnmited with each suspension. Each animal received 
dafly Intravenous InjecUons of 1 2 and then 6 cc. of 
luspeniion for a total of 6 injection*, followed m 10 
days by a simitar seric* of 6 daily Injections. Eight 
day* after the last mjectlon, the antiiernni* were tested 
for l^molysm* and agglutmms with red blood gi4t* from 
each subject before and after cross ahsorptiems of each 
anllieram by the erythrocyte* of the patient and control, 
respcctiTcly For each absorption the rabbit anUserams, 
inactivated at 56 C for from 30 to 60 minute*, and 
dilated 2 to 5 were treated with from 25 to 33 per cent 
by volmne of washed packed erythrocyte* for 30 minutes 
at 37 C 

AH of the rabbit nmntme s erums showed agglulinafion 
In high dflahom, varying from 1 2500 to 1 5000 Ag 
glatmation appeared m approximately e<inal dflntloni 
with the washed red blood cells either from the patient 
or from the control. Crosi-abiorptions of each serum 
by the erythrocyte* of the pabent and of the control, 
respectively removed the agglutinin* for the red cell* 
of both subject* at the same rate and to the same extent. 
The unabsorbed rabbit anbscnim* produced complete 
hemolysu at the relatively low maximum dilution of 
1 100 As in the agglutination test*, each rabbit ant! 
scram posMised equal bonolytic activity for the erythro- 
cytes of both robject* and crott-ah*orptk>n* thowed no 
selective removal of bemolysm by red eg11» of other 
subject I 

4 ExaminaHon of patient* s red blood cells for 
Jiemolyhc antibody 

Altfiough no anbgenic differences between pa- 
tient s and normal erythnxytes were demonstrable 
m the above expenments, there remained the dis 
tmet possibibty that the abnormal cells contamed 
a hemolytic substance or antibody It was con 
ceivable, as one hypothesis, that the patient had 
developed a specific hemolytic antibody for his 
own red blood cells (as antigen), thus produc 
ing autoimraunisation. In this event, a small 
amount of hemolytic antibody in the plasma 
might be completely absorbed by the anbgcn (red 
cells) leaving no demonstrable free antibody 
Such ** sensitized ' cells might then hemolyze only 
m the presence of human complement Should 
the amount of available antibody vary in concen 
tratjon It 13 evident that the degree of sensitiza 
bon" or suscqibbihty to hemolysis of pabent’s 
red blood cells would be vanable in two and 
might be observed to vary m a similar fashion 
tn vitro under standardized expcnmental condi 
bons Accordmgly the red blood cells from pa 
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As shown m the data of Table VI, there %vas 
direct correlation between the removal of hemo- 
lytic activity and of complement, partially mac- 
tivated serum retained hemolytic potency roughly 
proportional to the complement concentration , 
completely inactivated serum showed no hemo- 
lytic activity The combination of samples of 
human serum, inactivated respectively by am- 
monium hydroxide and by heat (presumably rep- 
resenting qualitatively all components of comple- 
ment) restored the complement concentration to 
about one-fourth of its onginal titer, and for 1 
of the 3 serums tested such recombination also 
restored in part the hemolytic activity As shown 
in Table VII, the mixture contaimng the highest 
concentration of ammomum hydroxide-treated 
serum showed the greatest hemolytic power and 
complement concentration 

The addition of fresh gumea-pig serum always 
restored the hemolytic activity to human serum 
mactivated by ammonium hydroxide Therefore, 
gumea-pig serum apparently supplied the fourth 
component of human serum essential for hemoly- 
sis but, as shown above, never supplied the ther- 

TABLE VT 


Effect of ammonum hydroxide on complement 
and hemolytic actimty * 


Serum ammonium 
hydroxide mixtures 
incubated 1 hour 
at 37° C4 

' Ftwh human 
serumt 

1 

Hemolyslat 
of rw 
blood ceUfl 
from Case 3 

! 

i Hemol 
ytis of 
normal 

blood 

cells 

1 

1 

Concen- 

tration 

of 

comple- 

ment 

Volume 

J normal 
ammo- 
nium hy 
drozide 

Volume 
' iCTUra 



Per cent of 



umh 



mixtttre 



per cc 



100 

+ 4 * ! 

0 

48 

1 

i 

100 






Incubated 

1 

1 




1 hour at 






37 5° C 

++ 

0 

48 

0 375 

1 65 


0 

0 

0 

0 250 

1 87 


0 

0 

0 

0 187 

2 00 


0 

0 

0 

0 125 

2 10 


trace 

0 

3 

0 075 

2 20 


+ 

0 

24 


* Serum from normal subject treated with mcreasmg 
amounts of ammonium hydroxide 
t Approximate hemolysis 
4- 10 per cent 
-) — p 20 per cent 
+ 4-+ 30 per cent 

t Serum pH finally adjusted to approximately 6 5 by 
addmg hydrochlonc acid 


TABLE vn 

Mixture of inactivated serums restore hemolytic 
activity and complement * 


Human 

•erum 

treated with 
ammonium 
hydroxidet 

Fresh 

serumt 

i 

Serurat 
heated at 
' S6° C for 

S minutes 

Hemolysis 
of r^ 
blood ceils 
from 
Case 3 

Hemolysis 
of normal 
red blood 
cells 

Concen 

tratiou 

of 

1 comple 
ment 

per cent of 

per cent 

per cent of 

per cent 

per cent 

un/fx 

mixture 

of mixture 

mixture 

per cc 


100 


IS 

0 

48 



100 

0 

0 

0 

100 



0 

0 

0 


so 

SO 

10 

0 

24 


20 

80 

2 

0 

6 

80 


20 

4 

0 

12 

SO 


so , 

3 

0 

12 

20 


80 1 

1 

d= ' 

0 

6 


• Serum from normal subject inactivated by ammonium 
hydroxide and by heat on recombmation shows both hemo- 
l^ic activity and complement 
t See experimental 

j Serum pH finally adjusted to approximately 6 5 by 
addmg hydrochlonc acid 

molabile components of heated human serum 
The hemolytic activity was restored m part to 
ammomum hydroxide-inactivated human serum 
by whole guinea-pig serum and by heated guinea- 
pig serum but not by guinea-pig serum inactivated 
by ammonium hydroxide 

The combination of equal amounts of samples 
of serum treated with zyinm and with ammomum 
hydroxide, respectively, restored approximately 
one-half of the complement concentration of the 
ongmal serum, but did not restore the hemolytic 
power Similar results, as referred to above, 
were obtained with mixtures of equal amounts of 
fresh and of heat-inactivated serum Therefore, 
failure to observe hemolysis with either of these 2 
different mixtures may have been due to a de- 
creased quantity of complement and not to the 
lack of a particular component of complement 

EXPERIMENTAL 

The procedure of inactivation of human serum by 
alkalmization to pH 9 0 or 9 1 with ammonium hydroxide, 
and the subsequent readjustment of the pH of the serum 
to approximately 6 5, were somewhat modified from the 
method of Gordon et al (23), m order to decrease the 
diluUon of serum by the reagents A mixture of 0075 
cc. of 14 normal ammonium hydroxide and 0884 cc. of 
serum was incubated at 37° C. for 75 mmutes The pH 
was then adjusted immediately to approximately by 
the addition of 0 041 cc. of 1 0 normal hydrochlonc acid 
and the hemolytic activity tested as usual In 1 obser- 
vation, usmg sodium hydroxide instead of ammomum 
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salt solution remaining after ctbcr extraction (2 to 3 
cc.) a saline suspension of the material contamlog 
Irpoids left after evaporation of the ether and an 0001 
normal hydrochloric add extract of the ether treated 
stroma. The action of these extracts on fresh oonnal 
and patient s cells was examined by Incubating the 
folkn^g mixtures for 1 hour at 37 C. ( 1 ) Cells plus 
extract plus fresh aadihcd human serum (2) cells pins 
extract and (3) cells plus extract plus heated human 
scrum. The supernatant fluids of mixtures (2) and (3) 
were then removed by centrifugation and the treated 
red cells tested for the presence ol any “sensitlzatloa" 
by the addition of acidified serum in the usual manner 
Strema from the erythrocytei of Case 3 was prepared 
by the method of Bennett and Schmidt and made to a 5 
per cent suspension m saline. Equal quantities of cos 
pensions of stroma and of normal erythrocyte (5 per 
cent) were mixed, centrifuged, and the salt removed 
The cell stroma mixtures and plain stroma were tested 
with acidified lemm. 

S Conipanton tuith human tsohemolystns 

In the observattona reported here, the possi- 
bility 18 considered that tlie patients red blood 
cells may be ‘ aensitieed * by a hemolytic anti- 
body requiring human complement for lysis It 
has been demonstrated that certam animal serums, 
notably guinea pig serum do not restore hemo- 
lytic activity to heated human serum Smee a 
hemolytic antibody of human ongin might be con 
cemed, and since the complement requirements 
were quite speafic, this hemolytic system was 
compared to the requirements of another human 
hemolytic system namely the hemolysis of group 
I-AB cells sensitJied by the naturally occumng 
isohemolysins of serum from a normal subject of 
blood group IV-O 

Human cells nhen sensitised by human iso 
hemolysins as described below, were hemolyxed to 
the same degree as cells from Case 3 when sus 
pended m acidified human serum, thereby pro- 
ducing 2 hemolytic systems of human ongin 
which were quauhtaitvtly comparable. Qualt 
taiwely however the following important differ 
ences were observed The isoheraolysm scnsi- 
tixed cells were hemolyxed during incubation for 
1 hour at 37® C with guinea pig complement in 
dilutions of from 1 10 to 1 40 but unscnsitixed 
group I-AB cells or those from Case 3 were not 
hemolyred under these condiUons isohemoiysm 
sensitized cells were sigmficantly hemolyzed m 
fresh human complement when diluted 1 10 with 
sahne or with heat inactivated human scrum 


whereas the cells from Case 3 showed no hemoly- 
sis in human scrum diluted 12 5 Isohemoiysm 
sensitized erythrocytes were always hemolyzed m 
unaltered human serum. The degree of hemoly- 
sis however, was increased significantly by aadi 
fication of serum with hydrochlonc aad Al 
though the cells from Case 3 required aadification 
for hemolysis those of Cases 1, 2 and 5 were 
always hemolyzed in unaadified serum (2) 
Acidification of serum, therefore increased the 
degree of lysis for both hemolytic systems but 
\vzs not necessarily an essential factor to either 

EXPERIMENTAL 

Sensirization of riormal hnraan erythrocytes was af 
fccted as follows Separate samples of (X5 cc. of a 5 
per cent stispcnsion of washed group I-AB erythrocytes 
from a normal subject were mixed with 0.5 cc. samples 
of normal group FV-O scrum, which had been heated at 
56 C for 2 ramutes. The mixtures were then in- 
cubated 1 hour at 37 C and the packed (agglut/nated) 
cells washed once with 5 cc. of salme. These packed 
cells, termed isobemolyvm-scnsilued red cells, together 
with similar sample* of untreated I-AB cell*, and of 
cells from Case 3 respectively were treated under identi- 
cal conditions with group I-AB serum (as complement) 
acidified with hydrochlonc aad, or with dilutions of 
unaddified guinea pig serum. In several observations 
the guinea pig serurn was treated with an equal volume 
of packed human erythrocytes at 0 C for 90 minutes 
to reduce the natural hemolysins of guinea pig sermn for 
human red cells. 

6 Susceptibility of putient s erythrocytes to 
ht^nolysis w 2 vninunological systems 

In tlie above observations no evidence ^vas ob- 
tained that the patient s red blood cells contained 
any demonstrable hemolytic substance It ^vas 
essential, however, to secure information on the 
behavior of patient s red blood cells when exposed 
to other hemolytic ^sterns of known immunologi 
cal type- Such indirect evidence might have 
beanng on the nature of the abnormality of the 
patients erythrocytes and the type of hemolytic 
activity involved. The susceptibility to hemolysis 
of patient s and normal cells was compared, there 
fore, in 2 immunological hemolytic systems one 
(xintaining anti human rabbit serum and the other 
contaimng human isoheraolysms Complement 
^va3 supplied either by human scrum or gumea pig 
scrum 
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bents were examined, first, for differences in sus- 
ceptibility to hemolysis, and, second, for the 
presence of hemolytic antibody which might be 
separated from the erythrocyte by procedures 
known to dissoaate antigen-antibody combina- 
tions 

Comparisons of the susceptibility to hemolysis 
in vitro and in vivo of red blood cells from 4 
patients showed stnking correlation in individual 
patients betv’een the susceptibihty to hemolysis 
III vitro and the apparent degree of intravascular 
hemotysis as estimated by chnical cntena This 
correlation reported previously (2) held for 
widely diffenng rates of blood destruction in 
different patients Moreover, in the present pro- 
longed study of Case 3, it n'as observed that such 
susceptibihty in intro varied matenally at different 
periods in the same patient and corresponded 
mtli the apparent amount of hemolysis in vwo 
This was demonstrated by detennimng at differ- 
ent times tlie percentage of hemolysis of the ery- 
throcytes from Case 3 suspended in a standard 
amount of serum complement (fresh aadified 
serum from the same normal subject) The 
amount of hemolysis in vitro was then compared 
to the climcal evidence for hemolysis in the pa- 
tient (-degree of anenua, hemoglobinemia and 
hemoglobinuna) 

Attempts to recover a hemolytic antibody com- 
bined with the patient's cells were earned out and 
tlie folloAving extraction methods were employed 
a modification of Locke and Hirsch's method (26) 
of ether extraction of erythrocyte stroma, treat- 
ment of erythrocytes with 10 per cent salt solu- 
tion, using the techmque of Heidelberger and 
Kendall (27) , treatment with 10 per cent sucrose 
solution by the methods of Kosakai (28) and of 
Huntoon and Etns (29), extraction with 0 01 
normal hjdrochlonc aad and sodium hydroxide, 
and, finally, direct use of erjihrocyte stroma 
Extracts of patient’s or of normal red blood cells 
prepared by any one of the above methods were 
then tested for hemolytic activity with both pa- 
tient’s and normal cells, as desenbed below 

In a senes of prehminary expenments the 
effiaency of certain of these procedures was tested 
for recovery of the antibody from the red blood 
cells in 2 known antigen-antibody systems In 
the first, in which sheep red blood cells were sen- 


sitized with antisheep cell rabbit serum, 2 extrac- 
tion procedures, those of Locke and Hirsch and 
of Kosakai, consistently resulted in the recovery 
of a small fraction of the hemolytic antibody 
employed Using the technique of Heidelberger 
and Kendall, however, none of the antibody ivas 
recovered In the second system, in which hu- 
man type I— AB cells were sensitized by the 
naturally occurnng isohemolysins of human serum 
of group IV-0, none of the hemolytic antibody 
Avas recovered by the Locke-Hirsch method It 
v'as apparent, therefore, that even with known 
antigen-antibody systems, only a small fraction 
or none of the added hemolytic antibody ivas re- 
coverable by the methods here employed 
When extracts of the red blood cells of Case 
3 and of a normal subject, respectively, were made 
by any of the above procedures, no evidence was 
obtained for a hemolytic substance or antibody 
Stroma denved from the erythrocytes of Case 3, 
like that of normal cells, appeared to have no 
effect on normal red blood cells when suspended 
together in acidified serum 

EXPERIMENTAL 

Sensitization of red blood cells by known hemolytic 
antibodies was performed as follows Sheep cells were 
sensitized with 2 units of antibody by adding 200 cc. of 
antisheep cell rabbit serum, diluted 1 2250, to 6 cc, of 
washed packed sheep red blood cells After incubation 
for 30 minutes at 37° C the cells were washed 3 times 
and then extracted by the methods mentioned above 
The extracts were tested quantitatively for the amount 
of antibody recovered. Normal human red blood cells 
were sensitized by addmg 17 ca (diluted to 35 cc.) of 
unheated group IV-0 human serum (contaming a high 
concentration of isohemolysins) to 35 cc. of a 5 per cent 
suspension of washed group I-AB erythrocytes The 
mixture was meubated and washed, as desenbed above, 
and the sensitized erythrocytes extracted. 

An ether extract of erythrocyte stroma was made of 
the above sensiUzed red cells, as well as of the red cells 
from Case 3 and from a normal control, employmg a 
modification of the method desenbed by Locke and 
Hirsch. From 4 to 10 ca of the washed packed erythro- 
cytes were treated ivith 2 volumes of distdled water 
and any unhemolyzed cells removed by centrifugation. 
To the supernatant liquid 7 volumes of distilled water 
were added, and the mixture was saturated with COj for 
30 nunutes as descnTied by Bermett and Schmidt (30) 
The preapitated stroma was packed by centrifugation 
and then washed 4 times with distilled ivater, ohee with 
salme, and finally extracted 3 times with IS ca of ether 
Three portions of the extract were tested, namely, the 
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Cobra vfitom < diswlvcd m I per cent »odhim chloride 
vrtt added to frcth human lerum* l erum heated 5 mimitct 
at 56 C, and to 1 per cent »odium chlonde iolutioiii 
to pire concentrations of from 04 to 60 mgm. per 100 cc. 
The above preparations were mixed m ojttal quantities 
with S per cent suspensions of red cells from Case 3 and 
from a normal subject, mcuhated I hour at 37 C and 
centrifuged for comparison of hemolysis. 

DISCUSSION 

In previous observabons (1) (2) on 5 pabents 
with paroxysmal nocturnal hemoglobinuria, it was 
demonstrated that their red blood cells were 
hemolyzed in their own fresh serums as well as 
in all fresh serums from normal subjects of com- 
patible blood groups The patents’ serums were 
not lybc for normal cells The essential abnor- 
mality m this disease thus appeared to reside in 
the erythrocytes The hemolybe system, how 
ever required the presence of fresh acbve human 
serum. The treatment of such serum by certain 
procedures, such as heatmg or the addibon of 
anbcoagulants and other salts, inhibited the 
hemolysis of patents' cells These procedures 
are all known to inactivate or inhibit serum com 
plemcnt Although aadificatlon significantly in 
creased the d^rce of hemolysis, it was not 
necessarily an mdispensable requirement of the 
hemolybe system. The pH is known to be a 
modifying factor of many hemolybe systems (35) 
and possibly of certain antigen antibody-comple- 
ment reacbons These facts sug^^csted that an 
immunological reacbon might consbtute the basis 
of the hemolybe mechanism in this disease The 
reacbon, accordmgly, was mvesugated lor other 
evidences of an anbgcn-anb^body-corapleraent type 
of hemolybe system 

Smee hemolysis of pabents’ cells occurred m 
all compabble fresh human serums, at least 2 
possibihbea were considered to cxplam the hemo- 
lybe mechanism first, that the abnormal erythro- 
cytes were hemolyzed by a substance (antibody) 
present in all normal serums possibly requinng 
complement for lysis and second, that the com 
plemcnt itself v-tis the serum factor required for 
the hemolysis of red cells which were ’ sensitized ' 
by a hemolybe substance. 

* Crystalline cobra venom was obtained through the 
courtesy oi Doctor David L Macht of Hinson, Wcscott 
and Dunning Co, Baltimore, Mi 


The first possibility that a hemolybe anbbody 
was present m all scrums, could be true only if 
the pabents’ cells ^^erc more susceptible to this 
anbbody than normal cells To support this hy- 
pothesis It should be possible to demonstrate cer 
tarn characteristics of other human anbTxidies 
such as age distnbubon, speafic or non specific 
absorpUon, assoaabon with hcterophile anbbody, 
isohemolysins isoagglubnms or cold agglutinins 
In the experiments reported above however, there 
was no evidence obtained to indicate the presence 
of such an anbbody m the serums from 5 pabents 
and from the normal subjects studied 

Consideration of the second possibility must be 
divided into 2 aspects first, tliat complement is 
the serum factor required for hemolysis and, 
second, that the red cells are sensibzcd by a 
hemolybe substance. Concerning serum comple- 
ment it ^vas observed that all procedures winch 
reduced, inhibited or destroyed complement or 
any one of the mdmdual components of complc 
ment, also reduced or eliminated the hemolybe 
activity of aadificd serum for patients’ erythro 
cyte* The hemolytic activity and the comple 
ment concentration were always partially restored 
to inactivated human scrum by the addition of 
fresh human scrum but a relatively large volume 
was required for these effects 

Certain remarkable features were observed 
with the use of animal serums as a source of com 
plemcnt- The addition of large concentrations of 
fresh undiluted guinea pig serum to fresh human 
scrum usually mcrcascd its hemolytic activity for 
patients erythrocytes without, however, produc- 
ing hemolysis of normal cells Similarly, guinea 
pig serum restored m part the hemolytic activity 
of human scrum which had been only partially 
inactivated by heating, to the extent that in such 
heated serum, complement was definitely present 
but hemolytic activity was absent Yet it is to be 
emphasized that neither fresh guinea pig scrum 
nor the serums of 5 other animals restored hemo- 
lytic activity to human serum whicli had been 
completely inactivated by heat Tills is perhaps 
not surprising since HegedGs and Greiner (36) 
have shown that the thcrmolabilc albumin com 
ponent of complement is almost or entirely lack 
mg m serums of the rabbit, dog pig ox and 
sheep and because Dingle et al (10) Imvc demon- 
strated the failure of guinea pig scrum to activate 
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The anU-human rabbit serums, descnbed in 
section 3, produced no greater hemolysis of the red 
cells from Case 3 than of those from a normal 
subject when gumea-pig serum was the source of 
complement In the presence of human serum as 
complement, however, the erythrocytes of Case 3 
showed a sigmficantly greater susceptibility to 
hemolysis than normal cells This was observed 
for the immune rabbit serums produced both by 
the patient’s and by normal red blood cells 
Under the conditions of the expenment, aadifica- 
tion did not mcrease the degree of hemolysis of 
patient’s cells whether human or guinea-pig serum 
was tlie source of complement 

With human isohemolysins as antibody, the pa- 
tient’s erythrocytes were hemolyzed to a greater 
extent tlian normal erythrocytes when either 
human or guinea-pig serum supphed the comple- 
ment 

EXPERIMENTAL 

Aiiti-human rabbit scrums were prepared as descnbed 
in section 3 Serial dilutions were made of these heat- 
inactivated serums from 1 SO to 1 6400 Human red 
blood cells, which were derived from Case 3 and from the 
same normal subject whose cells were used m producmg 
the immune rabbit serums, were washed 3 times and 
made into a S per cent suspension. Human comple- 
ment ivas obtamed from the normal subject of blood 
group I-AB and used either undiluted or diluted 1 2 
Guinea-pig complement was employed as a 1 10 dilution 
of fresh giunea-pig serum. For acidification. % normal 
hydrochlonc acid was added m 5 per cent by volume to 
the undiluted serum used as complement Equal volumes 
(0 5 cc.) of Ijrtic agent complement and cell suspension, 
were mixed and mcubated 1 hour at 37 5° C and the 
degree of hemolysis observed. There ivas no hemolysis 
of patient’s cells by the 2 Ijrtic agents or by the 2 com- 
plements when used alone. Usmg anb-human rabbit 
serum with human complement the pabent’s cells were 
hemolyzed sigmficantly at a dilubon of 1 3200, the nor- 
mal cells at a dilution of 1 200, this occurred with both 
the homologous and heterologous rabbit serums Using 
gmnea-pig complement however, there was no significant 
diSerence in the concentrabon necessary for hemolysis 
of both cells 

Human tsoltemoJisms were obtamed from group IV-0 
serum. The serum was heated at 56° C for 2 mmutes to 
inacbvate complement and serial dilubons were made up 
to 1 512 The red cells and complement were employed 
as described above. Usmg human isohemolysins with 
human complement as well as with gumea-pig com- 
plement the pabent’s cells were hemoljzed significantly 
at a dilubon of 1 16, the normal cells at a dilubon of 
1 Z 


7 Susceptibility of patient’s erythrocytes to 
hemolysis in non-immunological 
systems 

The susceptibility to hemolysis of patent’s red 
blood cells was investigated in certain non-im- 
munological hemoljdic systems As reported in 
previous publicatons (1, 2, 31, 32), the suscep- 
tibility to hemolysis by hypotonic salt soluhons was 
normal for the red blood cells of the patents 
studied In the experiments reported here, the 
susceptbility to hemolysis of erythrocytes of Case 
3 was mvestigated in solutions of saponin, sodium 
taurocholate and of cobra venom 
The susceptibility of the patient's cells to 
hemolysis by saponin was the same as that of 
normal cells and considerably less than that of 
cells from a patient witli untreated pernicious 
anemia (33) In 1 observation using sodium 
taurocholate as lytic agent, there was no demon- 
strable difference m the amount of hemolysis of 
patient’s and of normal cells Cobra venom pro- 
duced direct lysis of washed human erythrocytes 
witliout requinng a complementary substance, as 
shown by Kyes (24) The degree of hemolysis 
varied directly with the concentration of venom 
and depended upon whether serum or saline was 
employed in the mixture The cells of Case 3 
were more susceptible to hemolysis than those of 
the control when suspended in mixtures of serum 
and cobra venom, whether the serum contained 
active or inactivated complement appeared to 
exert no influence Conversely, the cells from 
Case 3 were less susceptible to hemolysis than 
control cells m mixtures of saline and cobra 
venom 

EXPERIMENTAL 

Saponin was employed m the time dilution method of 
Ponder (34) and of Ponder and Rhoads (33), and m 
a modification of this procedure. In the modified method, 
samples were prepared of 1 cc. of saponin solution diluted 
from 1 1000 to 1 15,000 m 1 per cent sodium chloride. 
Two senes of such dilutions were ^varmed to 37 5° C m 
a water bath and to each tube was added 1 cc. of a 
similarly ivarmed 2 per cent suspension of washed red 
cells m 1 per cent sodium chloride. After 10 and after 
40 mmutes meubabon the separate series were cenbifuged 
and the amounts of hemoglobin observed in the super- 
natant fluids 

Sodium Taurocholate (Merck) svas employed m dilu- 
bons of from 1 1000 to 1 15,000 m 1 per cent sodium 
chlonde, as described m the above modified method. 
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A tiurd possibility which should he mentioned 
to explain the hemolytic system under invcstiga 
tion, 15 the hemolytic effect due to complement 
acting with agents other than immune bodies, as 
reviewed by Browmng and Mackie (37) As 
shown by Landstemer and co workers (38 39), 
red cells sensitized by colloidal sUiac aad are 
hemolyzcd in the presence of complement. By 
analogy it is conceivable therefore that in paro- 
xysmal nocturnal hemoglobinuria the patients* red 
blood cells may be conditioned by a substance 
other than an immune body and still require serum 
complement for hemolysis 

From the data presented here it la apparent that 
the abnormality involving the red blood cells of 
patients with paroxysmal nocturnal heraoglobi 
nuna can not be defined There is a distinct 
possibiUty that these cells arc sensitized by a 
hemolybe substance conceivably an antibody 
The ongin of such a hypothetical antibody is not 
known but might result from autoimmunization 
The serum factor essential for hemolysis is m 
distinguishable from serum complement It is 
probable that increased acidity influences the dc 
gree of hemolysis by augmenting the acbvity of 
scrum complement The hemolytic system m 
volved cannot be classified strictly as immuno 
logical m nature since there has been no demon 
stration of antigen or antibody It is probable, 
however that the hemolytic mechanism is an im 
munological system since complement or a com- 
pleraent-like substance is required for hemolysis 
and presumably because the red cells themselves 
show increased susceptibility to hemolysis in cer- 
tain known immunological hemolytic systems 

CONCXUSrONS 

1 In paroxysmal nocturnal hemoglobmuna the 
fundamental abnormabty resided m the red blood 
cells which showed mcreased susceptibility to 
hemolysis when suspended in aadified plasma or 
scrum from patients or from all normal subjects 
of compatible blood groups The patients red 
blood cells showed no increased susceptibiUty to 
hemolysis in the non immunological hemolytic 
s> stems consisting of saponm sodium taurocholatc 
or hypotonic solutions of sodium chlondes The 
patient's red blood cells showed increased suscepti 
bility to hemolysis in the immunological hemolytic 


systems consisting of anti human rabbit serum or 
human isoheraolysms as antibody and of human 
scrum as complement No antigeme difference 
was demonstrated between patient's and normal 
erythrocytes when used to immunize rabbits 
With the methods employed no hemolytic sub- 
stance or antibody was demonstrated when pa 
ticnt's cells were treated by procedures knov.Ti to 
dissociate antibody from antigen The abnormal 
it> of patients red cells has not been defined 

2 No hemolytic antibody or other abnormality 
was demonstrated m the patients' serum when 
compared to normal scrunu The serum factor 
essential for hemolysis was closely assoaated with, 
if not mdistmguishable from complement or 
alexin of human serum For this hemolytic sys- 
tem the addibon of guinea pig scrum or the serum 
of certain other ammals did not restore the ther- 
molabile components of human scrum complement 
but gumea pig scrum did restore the thermostabile 
components 

3 The mechanism of hemolysis, probably im 
munological in nature appeared to be that of an 
abnormal red blood cell which was hcroolyzed m 
the presence of human complement, the degree of 
hemolysis varying directly with the susccptibnity 
of the cell to lysis and with the aadity of the 
scrum 

The author* arc indebted to Mu* Coiutance Brook* 
for technicaJ assutance and to Doctor* W B Castle, 
Han* Zinser and K. Landiteiner for their tuggesflon* m 
iH* inYCstigaticm. 
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certain anfagen-antibody reactions There was 
evidence, therefore, that the hemolytic mechamsm 
investigated here speafically required the thermo- 
lahile components of complement derived from 
Jitwtan serum On the contraty, gumea-pig 
serum in most instances restored in part the hemo- 
lytic activity to human serums in which the iher- 
mostable components of complement were inac- 
tivated hy zymm absorption or by treatment with 
ammomum hydroxide 

There were, however, several inconsistencies 
which appeared to prevent full acceptance of the 
identity of the serum factor essential for hemoly- 
sis to be serum complement Three of these, i e , 
mcreased hemolysis with aadification, failure of 
fresh animal serums to reactivate heated serum, 
and the himting factor of dilution before comple- 
ment activity was lost, have been discussed previ- 
ously and may not be valid objections Removal 
of hemolytic activity and complement by untreated 
influenza bacilli was probably due to speafic anb- 
H influenza anbbodies present in adult human 
serums (11) No explanabon has been found, 
however, for the decrease of hemolybc activity in 
lyophihzed serums without appreaable decrease in 
complement, nor for the failure to demonstrate 
specific uhlizabon or fixabon of complement even 
after hemolysis of the pabent's cells had taken 
place repeatedly m the same serum One explana- 
bon may he m the extreme sensibvity of the sheep 
red blood cell hemolybc system to small amounts 
or to particular components of complement, 
thereby masking slight quanbtabve differences 
essenbal to the hemolybc mechanism m parox- 
ysmal nocturnal hemoglobmuna. An explanation 
of the failure to demonstrate complement fixation 
may be found in the analogy that red blood cells 
sensibzed with sihac acid, requinng complement 
for lysis, have very little capaaty for fixing com- 
plement (37) Although serum complement can- 
not be idenbfied directly, it appeared from this 
evidence that the serum factor in this hemoljdic 
mechanism corresponded in its general behavior 
to complement or to a complement-hke substance 
It did not appear likely, however, that complement 
itself was the hemolybc agent 

The other aspect of the second possibility re- 
ferred to above, namely, that patents’ red blood 
cpIN might be sensibzed by a hemolytic substance, 
was further examined It was observed that the 
suscepbbibty to hemolysis of patents’ red blood 


cells vaned significantly from patient to patient 
and m the same patient Such wide quantitabve 
fluctuabon -was at least compatible with diflienng 
degrees of sensihzation of red cells by a hemolybc 
anhbody, which conceivably might result from 
autoimmunizabon Nevertlieless, no hemolybc 
substance associated with patients’ erythrocytes 
could be demonstrated by a variety of procedures 
known to dissoaate anbgen-antibody combina- 
bons It must be emphasized, however, that the 
methods as employed here may have been inade- 
quate since from red blood cells sensitized to 
known antibodies only a small frachon or none of 
the absorbed antibody was recovered by certain 
of these extraction procedures It was a further 
possibility that an abnormal constituent of the 
patient’s red blood cells might be detectable by its 
antigenic properties No anhgemc difference be- 
tween pabent’s and normal erythrocjrtes was dem- 
onstrable, however, when these cells were used to 
immunize rabbits and cross-absorption experi- 
ments were performed with the anbserums It 
was observed further that the hemolybc system 
consisbng of pabent's cells and serums differed 
in the unportant feature of complement require- 
ments from the hemolytic system consisbng of 
human red cells sensibzed with human isohemoly- 
sins and of complement denved from human or 
guinea pig serum This represents indirect evi- 
dence that, if the pabents’ red blood cells are 
sensibzed by an antibody, the anbbody differs in 
behavior from human isohemolysins 

As a further immunological study, the patient’s 
cells were subjected to hemolysis in 2 hemolybc 
systems known to be of the anbgen-antibody- 
complement type, employing as hemolybc anb- 
bodies, first, anb-human rabbit serum, and, second, 
the isohemolysms of human serum In both sys- 
tems, when human complement was employed, the 
patient’s cells showed greater suscepbbibty to 
hemolysis than did normal human cells This was 
suggesbve but indirect evidence that the abnor- 
mahty of patients' red blood cells might be related 
to an immunological type of reacbon Such a 
possibility was further emphasized by the observa- 
bons that the patients’ red blood cells were not 
abnormally suscepbble to hemolysis in the non- 
immunological hemolybc systems consisting of hy- 
potonic salt solubons, sapomn or sodium tauro- 
cholate 
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Pitrcssm IS frequently used m the treatment of 
arculatory collapse. Evaluation of its usefulness 
has been hindered by the difficulty of interpreting' 
sjTnptoms and of obtaimng arculatory measure- 
ments m cntically ill patients Previous studies 
on normal subjects m the upright position (1) (2) 
have demonstrated that sodium nitnte produces a 
type of collapse, often ending m sjmeope, which is 
similar m its arculatory mamfestations to certam 
types of clinical shock. The symptoms of this col 
lapse are accompanied by a fall In arterial pressure 
and by a decrease ra pulse pressure. There is an 
mcrcase in arteriolar tone, but a decrease m 
venous tone. The blood flow In the hand as 
indicated by plcthysmographic studies shows no 
marked changes during the early stage of col- 
lapse because of compensatory changes, later 
however, there is a progressive fall in blood flow, 
which frequently drops to zero as syncope de- 
velops The syncope is the result of progressive 
cerebral anoxia which develops when the venous 
return to the heart and the cardiac output are de- 
creased because of the blood pooled m the veins 
of the dependent portions of the body This type 
of collapse, which could be produced under con- 
trolled conditions was ideal for study of the action 
of pitrcssm. Similar studies on the eflfect of 
cpmephrm have previously been reported (3) 

iTETHODS 

The subject* rested on a tilting table fa the horizontal 
position for at least 30 mmut es after all apparatns had 
been adjusted and before any observation* were made. 
The heart rate was counted by arterial palpation or by 
precordial auscnltaUon, Arterial pressure was deter 
mined m the arm at heart level by the auscultatory 
method, using a mercury manometer The blood flow In 
the was raea»ured by Freeman s modiflcation (4) 
of the plcthysmographic method of Hewlett and Van 
Zwaluwcnburg (5) The increases in hand whime 
caused by raising the venous pres sur e from the resting 
level to 20 30 and 40 mm. Hg were used to indicate the 
venous tone or venotjs distcnsibllity calculated as cubic 


centimetcn per liter of hand, according to the method 
described by Capps (6) The water bath m which the 
right band wa* mnuersed was maintained at 32 or at 
37 C The vesscli of the left hand were dilated by 
keeping the temperature of the water bath at from 43* 
to 4S C The venous tone m the hand at 43 C was 
not computed, *u>cc in acme fubject* the measurement 
has been found to be unsatisfactory at temperatures 
above 40 C 

The experiment* consbted of the following procedures 
earned out on the lame subject. After repeated control 
measurements had been obtained observations were made 
on diSerent days on the effect* of (I) elevabon of the 
subject to the upright position (75 degrees) for 30 min 
ate* followed by return to the horixoolal poiibon (2) 
intramuscular adnunistration of 0.5 or li) cc. of pitressm, 
followed in 10 to IB minutes by elevation to the upnght 
ponbon for 30 minutes if collapse £d not occur and 
return to the horitontal ponbon (3) oral admuustra 
tion pf 0 12 or 0 18 gram <2 or 3 grains) of sodium 
mtntS^ the subject In the horixontai poslboo, followed 
in 25 minutes by elevaboo to the upnght poshiop (4) 
admlnlstrabon in the borircmtal position of the same dose 
of sodium nitnte and, in 15 minu tes, the same dose of 
pitressm, followed in 10 minutes by elevation of the 
•object to the upnght position. The subject was urged 
to remain motjcmlcs* while in the upnght posibon. At 
the height of the collapse which was assocuted with 
s y ncope, the subject was promptly returned to the hon- 
rontal poilbon and obiervabons were conb n oed for at 
least 30 mlnntes. Studies oo the effect of pkrcsshi (7) 
and of sodium nitnte (1) (2) m the borixontal posibon 
bare been reported. 

Six normal young adult* served as subjects Four of 
them had a complete series of experiments, as outlmed 
aboTc. After the mjecton of pitrcssln, 2 subjects devel 
oped syncope when they were tilted to 75 degrees, there 
fore they were not given lodhnn nitnte. 

RESULTS 

The effect of the intramuscular administration 
of 1 cc. of pitrcssm followed by tilting of the sub- 
jects to the upnght posrticm was studied m 6 sub- 
jects Four subjects stood without difficulty 2 
however, fainted Figure 1 shows the usual circu- 
latory adjustments which occurred m the group of 
subjects who stood without difficulty In subjects 
fn ffie horizontal position pitressm produce ’ 
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Fio, 2. Collapse Ekpiwc ut Syucote iHDtrczD in a Ncomal Male Subject L. R-, Acx 
26 BY 1 CC. OT PmtESSlH iNTBAUUaCULABLY FOLLOWED IN 13 MlKUTES BY TlUINO TO Alf 
Ancle op 7S Decbees Above the Homzontal 


palior and sweating but with normal arculatory 
adjustments namdy a moderate drop m systolic 
and pulse pressures a slight mcreasc in pulse rate 
and venous tone and a moderate diminutioa In 
blood flow to both the warm and cool hands 
These mild symptoms disappeared immediately 
when the subject assumed the honEontal poMfaon 
The admimstration of pitressm to the subject m 
the horizontal position produced marked pallor and 
a slight drop m blood pressure. The blood flow m 
both hands was decr^sed by 50 per cent. After 
the subject was tilted to 75 degrees ashen pallor, 
weakness nausea and dilated pupils developed in 
7 nimutes syncope occurred Dunng the period 


of collapse there was a marked fall m systolic pres- 
sure and a lesser f aU m diastolic pressure, resulting 
m a great decrease in pulse pressure. The pulse 
rate reached 90 per minute and at the brae of syn- 
cope the blood flow m both hands had fallen to 
zero When the subject was returned to the hon 
zontal position the symptoms rapidly disappeared 
though the blood flow to the hands remained weU 
below control levels for the next 30 minutes 
In 2 normal subjects collapse ending m syncope 
occurred as the result of tflting to 75 degrees after 
the ingestion of 0 18 gram (3 grams) of sodium 
mtnte. In one of these subjects syncope occurred 
14 minutes after tilting but, when pitressm was 
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MINUTES 

Fig 1 The Effect in a Normal Male Subject, E S , Ace 29 , of 1 cc. of Piteessin Intra- 
muscularly Followed in 18 Minutes by Tilting to 75 Decrees 


doounal cramps, aslien pallor and a marked de- 
crease m blood flow m the hand, both at 32’’ and 
at 44° C The venous tone in the hand showed 
no consistent change Pitressm had no constant 
effect on the heart rate and blood pressure The 
most common findmgs were a slight elevation of 
the diastolic pressure, a slight fall m the systolic 
pressure and an unaltered heart rate When the 
subject ivas raised to the upnght position no sig- 
nificant changes in the heart rate or artenal pres- 
sure occurred The ^stohc pressure ivas fre- 
quently lowered and the pulse pressure slightly 
narrowed The blood flow m both hands re- 
mained very low No new symptoms developed 
The abdominal cramps, however, were usually re- 
lieved when the subject was placed m the upnght 


position At the end of 30 minutes the subject 
was returned to the honzontal position In the 
next hour the blood flow in the hands gradually 
returned to normal ' 

The combmation of the intramuscular mjection 
of pitressm and of biting the subject to an angle 
of 75 degrees produced sjmcope in 2 normal young 
adults, in 1 within 7 minutes after tilting, in the 
other within 2 minutes These subjects had pre- 
viously stood motionless for penods of 30 minutes 
without sjmcope Figure 2 shows the reactions of 
a normal 26-year-old male, L R , to tilting to 75 
d^rees 12 minutes after 1 cc of pitressm was 
administered intramuscularly Without any medi- 
cation this subject had previously stood for 30 
mmutes with slight fullness in the epigastrium. 
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PrcYious studies (1) (2) have demonstrated 
that arculatory collapse simflar to that often ob- 
served m disease and suitable for experimental 
study IS mduced m nonnal subjects in the upnght 
position by administenng sodium nitnte. This 
collapse results from decreased venous tone, which 
causes pooling of blood m the veins and venules 
of the dependent portions of the body Conse- 
quently the cardiac output decreases and with 
the ensuing cerebral anoxia, syncope usually oc- 
curs Epmephrm and pitressin have been found 
to be ineffective m preventing this type of collapse 
and syncope (3) (4) Indeed in a number of 
cases pitressin aggravated the arculatory collapse 
Epmephnn causes a definite mcrease m venous 
tone (3) but at the same time it necessitates a 
greater cardiac output because of the mereased 
metabolic rate and widespread chemical changes 
in certain tissues Thus while m sodium mtnte 
collapse epmephnn may mcrease the venous return 
to the heart to some extent it does not cause 
enough increase to compensate for the augmented 
tissue requirements. Pitressm does not affect the 
venous tone and therefore has no favorable action 
m the type of collapse mvestigated In addition 
both these drugs produce artenolar constnctlon in 
certain organs (3) (4) This action is unfavor- 
able for as venous pooling occurs, compensatory 
reflex artenolar constriction takes place. An in- 
crease in this artenolar constnction by drugs, 
therefore, further reduces the tissue blood flow 
and accentuates tissue anoxia 

Since in sodium mtnte collapse venous poobng 
and reflex artenolar constnction occur the ideal 
drug for the prevention of such collapse should 
produce constnction of the veins and venous reser- 
voirs without artenolar constnction or possibly 
with artenolar dilatation Sudi a substance 
should not cause increased oxygen consumption 
or widespread chemical changes m the body 
From sttiies of normal subjects it was foimd that 


parednnol^ (a N-dimethyl p-l^^crcypheoethyla- 
mine) fulfilled several of these reqmrements (5) 
Therefore its action was mvestigated in the col- 
lapse induced by sodium nitnte and in that accom 
panying postural hypotension and acute infectious 
disease. 

METHODS 

In 7 robjecti with nonnal cardiovascular system* col 
Iap*e ending ra lyncop^ was indoccd by the admiiiiftra 
tioo of »odnira mtnte. The heart rate was counted by 
artenal palpation or by precordkl aiucultatioa. Arterial 
pressure was measured m the arm at heart level by the 
auscultatory method, tmng a mercury manometer The 
blood flow m the hand was deternuned by Freeman's 
modification (6) of the plethysmograpbic method of 
Hewlett and Van ZwaJuwenbnrg (7) and the venous 
tone by the pUthysmograjdde method of Capps (8) 
The subject rested oo a tiftiog table m the horfiontal 
position for at least 30 ndnutes after all apparatus had 
been adjusted and the water m the plethystDOgraph bad 
reached the desired temperature. 

The following oepernnents were earned out in each 
of the 7 subject* on different days (I) The oral admm 
istration of 0.18 gram (3 grains) of sodium mtnte was 
followed In 15 minutes by the rntramuscnlar Injection of 
stenle saline and in 25 Tninute* by tilting the subject to an 
angle of 7S degree* above the horirontal tVhen col 
lapse and syncope developed the subject w«* hnroedutely 
returned to the boriaemtat positko- (2) The oral ad 
nnnistratian of 0 16 gram (3 gram*) of sodium nitnte 
wa» followed in 15 minute* by the intramuicalar tnjec 
tion of from 2S to 45 mgm of paredrinol and m 25 mm 
ules by tilting to the upright posmon (73 deg r e es ) Un 
less collapse ending m syncope occurred the subjects were 
allowed to stand motionies* for 30 minutes and then re 
turned to the honzxmtal position. If the subject did not 
develop collapse when parednnol was used, the experi 
ment was repeated whh todiuro mtnte followed by the 
Injection of sterile saline in order to ascertam that the 
person was still sensitive to nitrite. The order of the 
experiment* was vaned and the subjects were not told 
what medication they were recciTing In addition to 
these experiments on normal tubject* the effect of pare- 
drteol on the artenal pressure, the heart rate and the 

1 The parednnol sulphate u*ed b this investigation was 
supplied t hr ough the courte sy of the Smith, Klmc &. 
Frcndi Laboratones, Philadelphta. 
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here reported, however, indicate that pitressm 
would not have a favorable action, and, indeed, it 
may iv ell be harmful, in the very common type of 
collapse assoaated with cold, ashen gray skin, 
with small, thready, rapid pulse, ivith decreased 
venous return to the heart and with artenolar con- 
stnction, as manifested by a fairly well-main- 
tained diastolic pressure, low pulse pressure and 
decreased blood flow m the tissues 

SUMMARY AND CONCLUSIONS 

1 Pitressm m man was ineffective in expen- 
mental collapse induced by sodium nitnte and 
tilting because it did not cause an increase in 
venous tone, and because the artenolar constnc- 
tion produced by tlie drug tended further to 
reduce tissue blood flow 

2 The intramuscular mjection of 1 cc. of 
pitressm with subsequent tilting of the subject to 
the upnght position produced collapse ending m 
syncope m 2 of the 6 normal subjects tested 

3 In 2 subjects in whom collapse was induced 
in the upnght position by the admimstration of 
sodium nitnte, pitressm did not prevent the de- 
velopment of collapse and in 1 of these it has- 
tened it In 1 subject, in whom neither sodium 
■ ji nor pitressm m the upnght position pro- 
duced collapse, sodium mtnte followed by pitres- 
sin induced profound collapse ending m syncope 
In still another subject neither sodium nitrite nor 
pitressm, singly or combined, produced syncope 

4 Pitressm, given m doses of 0 5 or 1 cc to 
normal subjects m the honzontal position, pro- 
duced abdominal cramps, ashen pallor and a 
marked decrease m blood flow both in the hand 
at 32° and that at 43° C It produced no change 
in venous tone m the hand, heart rate or artenal 
pressure. 

5 Pitressm slowed the blood flow m the hand 
to sucli a degree that water at a temperature of 
from 43° to 45° C felt distinctly uncomfortable. 


and in 1 case caused the skin to be blistered at 
45° C 

6 Sodium nitnte produced arculatory collapse 
and syncope m the upnght position m about 50 
per cent of a large group of subjects tested No 
critena have been developed to predict the postural 
response of any given person to the administration 
of sodium mtnte. 

This mvestigabon was earned out with the technical 
assistance of Miss Sophia M Simmons, S B 
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demoflstrated that the venous tone is increased 
and that the venous pressure nses by from 30 to 
40 mm. ot water Thus the action of the drug 
on the veins (Figure 3) is antagomsbc to that 
of sodium mtnte ivhich has been shown to de- 
crease the venous tone and to produce hypoten 
sion and collapse m the upnght position by venous 
pooling in the dependent portions of the body 
Fortunately parednnol has no unfavorable aide 
reactions It does not produce pain. It does not 
mcrease metabolism, as does epmephnn and tlius 
create a need for greater cardiac output It does 
not cause marked artenolar constnchon 
Epmephnn (3) has likewise been shown to 
increase the venous tone (Figure 3) This effect, 
which should be useful in collapse caused by 
venous poohng, is however, overbalanced by the 
rise in metabolism and by chemical changes in 
ihated in the muscles and liver which probably 
create a need for a greater cardiac output Pi 
tressm does not mcrease the venous tone (Figure 
3) and therefore is not useful in this type of 
collapse. In addition, both epmephnn and pitres 
sm cause artenolar constnchon in certain organs 
This 15 an unfavorable action because the ar 
tenoles have already undergone reflex eontrachon 


due to the fall in blood pressure and the addi- 
tional artenolar constnchon mduced by the drug 
reduces the already diminished blood supply to 
the tissue. 

After the administrahon of sodium mtnte and 
parednnol the heart rate always becomes very 
rapid when the subject is tdted to the upnght 
position The slow heart rate usually present in 
normal subjects after the injechon of parednnol 
results from vagal inbibihon from stimub passing 
through the carohd sinus and aorbc nerves The 
heart rate becomes rajnd, therefore, if the vagal 
influence is elunmated by atropine (8), or if the 
stimulus to the carohd sinus and aorhc nerve 
endings is removed by a fall m blood pressure, 
as 13 the case in mtnte colbpse. Similar changes 
are present in climcal collapse In these cases 
the heart rate usually mcreases when parednnol 
13 given probably because the pressure does not 
rise high enongh to produce vagal inhibihon by 
Btimulahon of the sensitive vascular areas Ex- 
penments with atropme have shown that pare 
dnnol causes an increase m heart rate when vagal 
influence is dmunated 

In 7 of the 10 pabents m severe chmcal col 
lapse, the mjecbon of parednnol resulted in a rise 


cc /liter 
HAND 



MINUTES 


Fxo. 3 Tnt Errrcr or tsi Injccnon or Paihhinol, EpinrrimH amd PnarssiN on the Venous Tone in 
THE SYUTATHECTOKirED (PtECAHCUOHlC) HaNO 

An occluding pressure of 30 mm. was applied to Ibe wrist and the resulting increase In hand vohirac was 
measured. A decrease m venous distensibility indicates an increase in rcootil tone. 
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standing After the intramuscular injection of 
from 20 to 35 mgm of parednnol, these subjects 
stood for 30 minutes ivithout developing any 
symptoms of collapse 

Chntcal shock Parednnol was given either in- 
tramuscularly or intravenously m doses of from 
15 to 50 mgm to 10 patients in severe medical 
shock Eight had acute infectious diseases, 2 
had mihary tuberculosis In addition to a low 
artenal pressure and a small pulse pressure, the 
majonty of the patients had cold extremities, 
which indicated a slow penpheral blood flow 
In 7 of the 10 patients a nse in artenal pressure 
was produced, m 3 no nse occurred In only 
2 of the patients did the artenal pressure nse 
above tlie normal level The response of these 
cases in chnical collapse to parednnol differed 
from that m normal subjects m at least 3 ways 
(1) Much larger doses of the drug (up to 50 
mgm intravenously) were required to produce a 
nse in arterial pressure, and the effect of the drug 
lasted only from 15 to 30 minutes, while m the 
normal subject the effect of an intramuscular in- 
jection of 25 mgm of parednnol usually lasted 
60 minutes, (2) the heart rate was as a rule 
greatly increased, while in normal subjects it was 
usually decreased, (J) repeated injections of the 
same amount of the drug a short time after the 
artenal pressure had fallen to the onginal level 
produced less response each time, until in most 
cases large doses no longer had any effect on the 
artenal pressure In 3 of these subjects in shock 
the blood flow in the dilated hand was measured 
In 2 of these cases in which parednnol did not 
produce a nse in artenal pressure, the blood flow 
in the hand decreased and the extremities became 
cold , m one in which parednnol produced a defi- 
nite nse in blood pressure the blood flow m the 
hand did not defimtely increase In the third 
subject the usual spontaneous fluctuations in 
vasomotor tone and the reflex vasoconstnctor re- 
sponses to sensoiy sbmuh were absent before the 
admimstrabon of parednnol because of the pres- 
ence of shock Parednnol did not restore these 
functions although it raised the blood pressure 
Qmical improvement ims defimtely estabbshed 
by the administration of parednnol m only 2 of 
the 10 cases wth arculatory collapse In one 
of these patients collapse followed the adminis- 


tration of horse serum The second subject, who 
had an acute streptococcal infection of the throat, 
collapsed when she \ras placed in Fowler's (semi- 
recumbent) position After this patient became 
afebrile, her postural reactions were investigated 
WTien she was tilted to an angle of 75 degrees syn- 
cope developed in 3 minutes, whereupon she was 
returned to the honzontal position She was then 
given 25 mgm of parednnol intramuscularly and 
the artenal pressure rose from 100 mm systolic 
and 60 mm diastolic to 160 mm systolic and 80 
mm diastolic. The heart rate dropped from 70 to 
63 beats per minute On being tilted to an angle 
of 75 degrees the patient became paler but stood 
ivithout difficulty for 15 minutes, when she de- 
veloped nausea and was returned to the honzontal 
position At that time the blood flow in the hand 
was fairly well maintained The arterial pres- 
sure was 100 mm systolic and 70 mm diastolic, 
the heart rate was 140 Thus in this patient both 
spontaneous collapse in the course of a strepto- 
coccus infection and subsequently induced collapse 
and syncope were improved by parednnol 

DISCUSSION 

The effects in normal subjects of the intra- 
muscular administration of parednnol have been 
reported (5) The subjects expenenced no 
symptoms except palpitation The apex impulse 
became more forceful, artenal pulsations in the 
neck more prominent and the heart sounds in- 
creased in intensity The intramuscular injecbon 
of 25 mgm of the drug produced in 10 normal 
subjects an average artenal pressure of 173 mm 
systolic and 92 mm diastolic. The pulse rate 
usually fell The venous pressure was elevated 
by from 30 to 40 mm of water The venous tone 
was also increased The blood flow m the hand 
at 43° C became slower, but that m the foot, 
forearm and calf was unchanged The cardiac 
output, arculation time and metabohc rate showed 
no sigmficant changes 

The favorable effect of parednnol on the col- 
lapse induced by sodium nitnte and posture re- 
sults mainly from the action of the drug on the 
venous system Experiments on animals have 
shown that parednnol causes an increase m ven- 
ous tone and an emptying out of the venous 
reservoirs Studies on normal subjects have 
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Dehmtc aiterations m the concentration of van 
ous chemical constituents of the blood occur in 
Boecks sarcoid This rare disease of unknown 
etiology 18 characterized by a marked proliferation 
of epithelioid cells arranged m the form of tuber- 
clc3 and usually runs a benign course of long dura 
tion The clinical types of the disease, the con 
fusing terminology, the pathological findings and 
the theones of its etiology have been discussed m 
several recent articles (1, 2 3) These invest^- 
tors have pointed out that widespread changes can 
be found m many organs of the body even though 
few symptoms arise from the lesions These re- 
ports have emphasized the pathological and efao- 
logical aspects of the disease and have largely 
overlooked the accompanying metabolic changes 
It IS difficult to find recorfed values for even the 
more common blood chemical determinations 
Rarely have determinations of the non protein 
mtrogen (1) and cholesterol (4) content of the 
blood, or attempts to find abnormal proteins m 
the unne been recorded 

Attention has been called recently (5) to the 
hyperprotemama found in some instances of the 
disease due chiefly to a nse m the globulin frac 
tiom No report has been made previously of the 
vanabon of the scrum protein content of the blood 
of cases observed over a penod of years No 
report of other abnormal blood chemical findings 
has been found m the literature. 

The discovery of bone cysts in one of the cases 
which we have studied stimulated interest m this 
problem. These lesions were adequately described 
from the clinical and roentgenolc^cal standpoint 
by Junglmg (6) m 1928 Although exhaustive 
studies of calcium metabolism have been done in 
instances of hyperparathyroidism presenting bone 
cysts (ostatis fibrosa cystica) determinations of 
blood calcium and phosphorus in Boeclds sarcoid 
have been reported very rarely (1) No determi 
nations of blood phosphatase have been recorded 


The use of the calcmin tolerance test in the study 
of the disease has not been reported before. 

It was thought that the values for normal con 
stituents of the blood obtained over periods of 
months, and in some instances years warranted 
recording because of the ranty of such observa 
tions, and that an attempt to correlate the vana- 
tiona \vith the lesions of the disease would be in- 
terestmg It was hoped that the results of cal- 
aum tolerance tests and the finding of abnormal 
proteins m the unne might prove helpful in 
evaluating the extent of bone lesions 

METHODS 

Eleven instances of Boeck s sarcoid have been 
studied m Duke Hospital since 1934 Observa 
tions were repeated m Cases 1 and 5 two years 
after dinicaJ recovery The diagnosis in all cases 
was confirmed by biopsy of the skin or the lymph 
nodes 

Serum protein determinations were done by the 
macro Kjeldahl method The scrum calcium con- 
centration ^va5 determined by the method of 
Kramer and Tisdall (7) titrating with cenc sul 
phatc in place of potassium permanganate (8) 
Blood inorganic phosphate determmations were 
made by Bodansky s modification (9) of Kuttner 
and Lichtenstein s method ( 10 ) The blood phos 
phatase was done by Bodansky s method (11) 
The bihnibm in the bilirubm tolerance test sug- 
gested by Soffer (12), was done by the method 
desenbed by Malloy and Evelyn (13) The first 
sample was obtained at 8 minutes instead of 5 
minutes The calaum tolerance test was done as 
suggested by London and Bemheim (14) ex- 
cept for the omission of chocolate by mouth 

RESXn-TS 

The results of the experiments arc recorded m 
Table I The chemical changes m Bocck s sarcoid 
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reported by other observers are shown m Table 
II The cases of the latter group are, for the most 
part, of longer duration than those of the former 
one 

Total serum proteins above 8 grams per cent 
were found m 8 patients, but the reversal of the 
albumin-globulin ratio was present in all during 
the active stage Two years after clinical re- 
covery, normal values were found in Case 5, in 
whom they were previously abnormal, and in 
Case 1, on whom a previous determination had not 
been done The highest albumin-globulin ratio 
observed in the active cases was 0 85, and the 
lowest, 0 40 Total serum proteins above 7 S 
grams per cent m normal individuals are rarely 
observed in this Jaboratoiy 

No suggestion of the simultaneous occurrence 
of any of the other diseases known to cause hy- 
perproteinemia appeared Small amounts of a 
substance resembling Bence-Jones protein in its 
solubility at the boiling point were found in the 
unne of 2 cases 

The serum calcium concentration was definitely 
mcreased m 6 patients The calaum intake was 
not increased m any of the patients After the 
first determinations of the calcium level were made, 
the vitamin D intake w^ls mcreased in patients 3 
and 4 who took 1 pint of cod liver oil monthly 
In the calcium tolerance test a nse of 1 3 to 1 5 
mgm per cent m 15 minutes with return almost 
to the basal level in two hours was found in Cases 
1, 3 and 4 In Cases 7 and 11 a flat curve with 
a nse of only 0 5 mgm per cent, and m Cases 9 
and 10 a high plateau curve wth a nse of 1 6 to 
1 8 mgm per cent and a fall of only 0 4 to 0 7 
mgm per cent, were noted Serum calaum 
values above 10 5 mgm per cent m normal in- 
dividuals are unusual m this laboratory 

The blood inorganic phosphorus levels were 
normal A slight mcrease was noted dunng the 
calcium tolerance tests The blood phosphatase 
was elevated in each case in which it was de- 
termined The usual range was 5 to 8 Bodansky 
imits, with the highest value, 17 1 units, in Case 
9 The non-protein nitrogen of the blood was not 
appreciably altered 

The blood cholesterol was low or normal, 133 to 
182 mgm per cent, in 6 active cases and slightly 
elevated, 240 mgm per cent, m another patient 


who subsequently recovered In 1 recovered case 
the level ^vas 215 mgm per cent In 3 active cases 
the cholesterol esters were 62, 63, and 66 per cent 
of the total cholesterol 

The bilirubin tolerance test showed definite re- 
tention, 6 2, 16, 17 4, and 28 5 per cent in the 
instances in which it was done 

DISCUSSION 

Proteins Hyperproteinemia, with an increase 
chiefly in the globulin fraction, has been reported 
in a number of diseases (15, 16) , it is found most 
frequently in multiple myeloma and lymphogranu- 
loma inguinale Similar findings in Boeck’s sar- 
coid were first noted by Salvesen (5) and con- 
firmed by Bing (16) Longcope and Pierson (1) 
did not find an increase in total serum proteins, 
but found an increase in globulin without reversal 
of the A/G ratio in 3 cases Snapper (17) found 
an increase in total serum proteins with reversal 
of the ratio in only 1 out of 8 cases, but the 
globulin was elevated in 2 others In each in- 
stance of hyperglobulinemia the disease process 
was active No correlation of the level of serum 
proteins could be made with either the site or 
duration of the disease It is suggested by Cases 
6 and 7 of this senes and 5 cases reported by 
Snapper (17) that the serum globulin and total 
protein concentration return to normal after the 
lesions heal In lymphogranuloma inguinale the 
changes may persist for years (18) The in- 
crease in sedimentation rate of the red cells which 
has been reported in cases of hyperprotaneinia 
and hyperglobulinemia (15) was noted The 
exact mechanism of the increase in serum globulin 
IS not knoivn It is possible, as suggested by Chu 
and Hastings (19) in the cases of lymphogranu- 
loma inguinale studied by Gutman, Tyson, and 
Gutman (20), that some abnormal protein is 
present, but this point has not been investigated 
The fractional preapitation curves of the serum 
proteins in Cases 3, 4, 5 were studied by Perl- 
zweig, Kondntzer and Bruch (21), using the 
method of Butler and Montgomery (22) , and were 
all found to follow the same pattern The curves 
differed markedly in pattern from the normal and 
resembled closely those of instances of liver dis- 
ease Gutman, Tyson, and Gutman (20) have 
shown that the serum globulin is raised without 
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nse in total proteina m hepatic cirrhosis Liver 
lesions have not been descnbed m the rare autop 
ties on lymphogranuloma ingmnale, but have been 
found in many of the autopsied instances of sar- 
coid The results of the bihrubm tolerance test 
indicate an nupamed Irver function No attempt 
has been made in the past to evaluate climcally 
the extent of hver damage m sarcoid 

Calaum A serum calaum determination, 10 8 
mgm per cent, was found m only 1 reported case 
(1) , the bones were involved m this instance. 
The highest values obtained m the cases reported 
here were 145 mgra per cent in Case 8, 142 
mgm per cent m Case 3 and 128 mgm per cent 
m Case 4 These had respectively one question- 
able cyst, definite bone cysts, and no demonstrable 
bone lesions The next highest value, 12 6 mgm, 
per cent, was obtamed in Case 10 which showed 
suspiaous areas in the nbs Case 2, with a value 
of 11 1 mgm per cent, showed only rarefachom 
Case 11, which had defimte cysts m the toes and 
trabeculation in the fingers, had a level of 106 
mgm per cent In the other cases no lesions 
were demonstrable m x ray films of bands (all 
cases), feet (8 cases) long bones (3 cases), ribs 
(all cases), lumbar spine and pelvis (2 cases), and 
skull (2 cases) 

These values are definitely higher than can be 
accounted for by the hyperprotememia, for Gut- 
man, Tyson, and Gutman (20) have reported 
that the amount of calaum bound to globuhn is 
fairly constant From the determination of loni 
ration constants of calcium m concentrated normal 
sera Chu and Hastings (19) beheve that some 
abnormal proton is present m the cases studied 
by Gutman, Tyson, and Gutman, and thus the 
protons fail to combme with the expected amount 
of calaum This may be true, but the calaum 
level m this senes does not vary m proportion to 
either the total protein albumin or globulin con- 
tent The changes in blood phosphorus or phos 
phatase show no relation to the calaum level In 
multiple myeloma (20) the high serum calaum 
in the presence of hsiperprotanemia is believed to 
be accounted for by the increased bone destruction 
In Case 3, an mcrease m the serum calaum over 
a penod of two years was associated with shght 
mcrease in the lesions of the feet Schaumann 
points out (2) that the degree of bone marrow 
involvement m sarcoid cannot be judged by the 


X ray findings, for foa can be found by patho- 
logical exarainahon of the tissue when none ap- 
peared in X ray films It is thought that the 
blood calaum may indicate this activity but 
studies of a greater number of cases over a period 
of years are needed to settle this point Elevation 
of the serum calaum has not been found in cases 
of tuberculosis, which most closely resemble sar- 
coid pathologically or in other destructive mfec- 
tious diseases of bone (23) 

The possible relationship of the parathyroid 
glands to these findings is of interest In Case 3 
a nodule was palpable at the upper pole of the 
left lobe of the thyroid on the last examination , 
this case had defimte bone cysts No attempt was 
made to assay the parathormone content of blood 
m the patients reported here. It was thought 
that the calaum tolerance test as used by London 
and Bemlidm (14) offered a simple method of 
gauging the utiliration of calaum In Paget a 
disease the calaum curves are flat, presumably 
because the osteoid tissue rapidly removes calaum 
from the blood stream If the parathormone 
level were increased, the curve ivould be expected 
to nse and to remain elevated we have had no 
opportunity to check this with cases of hyper- 
parathyroidism. Hyperplasia of tlie parathyroids 
has not been reported in sarcoid In Case 11, 
with defimte bone cysts, and in Case 7 with no 
bone lesions flat calaum curves, as m Paget’s 
disease were obtamed In Case 3 with bone 
cysts which were mcreasuig m size, a norma! 
curve was obtamed, as m Cases 1 and 4 with no 
bone lesions Case 10, with suspiaous areas in 
the nbs and Case 9, with no bone lesions, had 
plateau curves The sigmficance of these findings 
is not clear Calcification m the kidney paren- 
chyma or renal stones, which are often seen in 
hyperparathyroidism were not encountered m 
these cases 

Phosphorus The normal blood phosphorus 
levels are further evidence that no hyperfunction 
of the parathyroid glands ivas present (20) The 
phosphorus values were not elevated by renal 
retention, since no impairment of kidney function 
was apparent from repeated unne examinations 
or the blood non protem nitrogen levels 

Phosphatase The changes In the blood phos 
phatase level in diseases of bone have been dis 
cussed recently by other investigators (^ '‘t 
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24) It IS generally agreed that an increase is 
indicative of new or abnormal bone formation, or 
of decalafication, even though the serum calcium 
level IS normal In infections of bone, pyogemc 
or tuberculous, or m fractures, the phosphatase 
level IS httle changed (23) The difficulty in de- 
termimng the extent of bone lesions m sarcoid 
has been pointed out The phosphatase content 
of the blood could not be correlated ivith the ex- 
tent or activity of bone lesions as demonstrated by 
x-ray, or with the calaum level In Case 3, with 
defimte bone cysts, a progression of the lesions 
in the bones of the feet was not accompanied by 
a progressive nse m phosphatase An elevated 
calaum and phosphatase with a normal phos- 
phorus level are found occasionally in mulfaple 
myeloma and metastatic mahgnant bone lesions 
Phosphatase is known to be present in many tis- 
sues With a high blood level, in tlie absence of 
bone lesions, disturbances of the liver are sug- 
gested (24) The hver was enlai^ed in Cases 1, 
3 and 8, but asates or jaundice \vas not present m 
any The excretory function of the hver was im- 
paired in the 4 patients tested No correlation 
could be deduced from the mvolvement of other 
organs or the duration of the disease It is sug- 
gested that the elevation of the blood phosphatase 
indicates activity of lesions in vanous organs and 
not m the bones and hver alone 

Cholesterol In lymphogranuloma inguinale 
(18), the blood hpids have been found to be de- 
creased, mth the trend less marked in the cases 
of short duration The value of this determina- 
tion m cases of sarcoid must await further study 

Bence-Jones Protein In no cases in which 
matenal resembling Bence-Jones protein Avas 
present m the unne were defimte bone lesions 
demonstrated by x-ray, one instance showed de- 
calafication of the bones of the hands and the 
other a questionable cyst m the fingers None 
was demonstrated m the unne of the cases wth 
defimte bone involvement 

SUMMARY 

The blood cheimcal changes found in 11 cases 
of generahzed Boeck’s sarcoid studied over a 
penod of years are reported The occurrence of 
hjqierprotanemia and hyperglobuhneima in active 
cases IS confirmed, and evidence that these ab- 


normalities disappear as the lesions heal is pre- 
sented 

The serum calaum is elevated in many cases 
Calcium tolerance tests give vanously shaped 
curves The blood phosphatase is elevated in all 
active cases The blood phosphorus level is un- 
changed 

The blood chemical data indicate that tlie 
changes in the bones are not assoaated with hy- 
perfunction of the parathyroid glands 
The occasional occurrence in the absence of 
demonstrable bone lesions of substances in the 
unne resembling Bence-Jones protein is reported 
Hepatic function is impaired as shown by ab- 
normal bihrubin excretion, fractional preapitation 
patterns of the serum proteins, and an increase in 
blood phosphatase 
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Fig. 1 Response of Capillakt Blood Pbesstjie to Ikcheased Venous Peesjuie in a Subject with Nojoial 

Blood pKEsstntE 

IwiirEct method no sigrdficant nse. Direct method (venous limb) prompt nse to exceed caff pressure. 

AU charts ere sJmnarlf plotted. The ordinates represent mllUmeters of roercury ior both cuff and capillary 
pressures the absdme, time m minutes The solid line indicates the observed capillary pressure reading by both 
the direct and mdirect tnclhods. The dotted Une is caff pressure, the dugram of the capiffary the strafght ffne 
represents the locatioo of the pipette In the capillary loop the arrows, the directxm of capillary blood ffow The 
first line of the key In the upper left hand comer of the charts Indicates, in order the subject t inKals sex color 
age, and blood pressure. The method which was employed first fs charted first 


variably recorda a prompt nse in capillary blood 
pressure, the elevation persisting throughout the 
entire penod that the cuff is inflated 
Observations by the direct method were made 
upon 31 different capiUancs m 18 subjects 9 with 
normal 7 with high and 2 with low artenal blood 
pressure In each of these capillaries a prompt 
nsc m blood pressure was always recorded dunng 
the critical test In 21 capillaries the pressure 
rose to exceed the cuff pressure. In the remain- 


ing 10 (to be discussed subsequently) the capil 
lary pressure rose promptly but faffed by 2 to 5 
mm Hg to reach the level of the cuff pressure. 
In well over 200 capiUancs studied by the indirect 
method the capillary pressure readings dunng the 
critical test showed cither no change, or at the 
most only slight and inconstant nscs above the 
initial IcveL In 9 expenraents a single capillary 
was studied by each of the two methods dunng 
the cnticaj test always with the above mentioned 
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a manometer s>stem m which the pressure may be changed 
at Twll by means of a plunger driven by a fine thumb- 
screw The micropipette, brass tube and manometer sys- 
tem arc filled with Ringer's solution (pH 7^ to 74), 
with hepann (3 mgm per 100 cc. of solution) added as 
an anticoagulant 

In determining the capillary blood pressure, the tip of 
the micropipette is carefully introduced into the lumen 
of a capillary loop at the desu-ed location Since the 
mitial pressure of the solution m the micropipette is only 
2 to 3 mm, Hg, the entry of the micropipette into the 
capillary is signaled by a rush of blood mto the pipette 
tip As soon as this occurs, the pressure in the imcro- 
pipette IS quickly raised, forcing most of the red blood 
cells back into the capillary By further adjustment of 
the pressure, a state of equilibrium is reached m which 
a few red blood cells remam in the extreme tip of the 
micropipette, oscillating back and forth with each heart 
beat, but mamfestmg no tendency to move progressively 
either into or out of the tip The manometer readmg 
at this equilibnum pomt, after corrections have been made 
for the capillarity of the manometer and for the differ- 
ence m level between the base of the manometer and the 
level of the nail fold, represents the capillary blood pres- 
sure. The balance between manometer pressure and cap- 
illary pressure at the equilibrium point is a very delicate 
one changes of 2 to 3 mm Hg in manometer pressure 
suffice to establish progressive movement of the red cells 
either mto or out of the micropipette. Throughout this 
' enbre procedure the capillary blood flow should not be 
='ed from the normal, swiftly-flowing stream If the 
ood flow appears to be obstructed or otherwise altered, 
V. pressure readings are considered unacceptable. It 
has been necessary to discard a number of readings on 
this account 

In order to faahtate the passage of the fragile micro- 
pipette through the skin, the most superfiaal layers of 
the epidermis of the nail fold were always cut away with 
a keen razor blade Only non-living tissue was removed , 
and pain, bleeding and tissue damage were avoided. This 
procedure was earned out approximately an hour before 
determinations of pressure were made The nail folds 
were prepared in this manner before both the direct and 
mdirect measurements 

The direct method has several shortcomings (I) The 
technical difficulties are formidable. (2) The insertion 
of the micropipette frequently causes such changes m 
capillary blood flow (stasis) that acceptable pressure 
readings cannot be obtained, (3) Determinations of 
pressure can be made on only one capillary at a time, 
hence, relatively few capillaries can be studied m the 
course of a single experiment. 

The critical test 

In order to evaluate the reliabihty of the two 
foregoing methods, both have been subjected to 
what may be called a cntical test This test is 
earned out in the followung manner A pneumatic 


cuff (width 14 cm ) is placed loosely about the 
arm above the elbow After several determina- 
tions of capillary pressure have been made, the 
venous pressure distal to the cuff is raised by in- 
flating tlie cuff to a pressure below diastolic ar- 
tenal pressure Dunng the ensuing penod of 
elevated venous pressure, the determinations of 
capillary pressure are repeated The cuff is then 
deflated, allowing the venous pressure to fall to 
Its onginal level, and the capillary pressure deter- 
minations are again repeated 

The following considerations led to the use of 
this type of cntical test When a pneumatic cuff 
enarchng the upper arm is inflated, tlie venous 
pressure distal to tlie cuff nses and within one 
minute very closely approximates the pressure 
within the cuff (Lewis (7)), provided the cuff- 
pressure does not exceed diastolic artenal pres- 
sure Under these circumstances, m spite of the 
increased venous pressure, the blood flow m the 
capillaries of the nail fold can be seen to persist 
steadily onward, though usually at a slower rate 
This persistence of capillary blood flow indicates 
that the capillary blood pressure has nsen to ex- 
ceed tlie elevated venous pressure Landis (5), 
in testing the accuracy of the direct method, made 
use of this pnnciple, and observed that the di- 
rectly-determined capillary pressure rose to exceed 
the cuff-pressure It is believed, therefore, that 
a reliable method for tlie determination of capil- 
lary blood pressure should show that capillary 
pressure exceeds venous pressure so long as blood 
IS flowing through the capillaries into the veins 

RESULTS 

Relation of capillary pressure to occluding 
cuff-pressure 

The cliarts indicate the type of results obtained 
when each of the two methods was subjected to 
the cntical test The capillanes were studied by 
each of the methods dunng the same observation 
penod and hence under relatively uniform condi- 
tions The method which was employed first is 
charted first 

Figures 1 to 4 exemplify the difference m re- 
sults obtained by the two methods The indirect 
method fails to detect any significant change m 
capillary blood pressure when the venous pressure 
nses On the other hand, the direct method in- 
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by 2 to 5 mm. Hg to reach cuff pressure (Figure 
5) In chcckmg over the set up of the expen- 
ments, it was noted that the nail fold had usually 
been at a level matenally higher than that of the 
most dependent portion of the occluding cuff 
The question arose whether this difference m level 
between the hand and the cuff might lead to a dis 
crepancy between the pressure m the veins of the 
hand and that m the cuff To answer this ques- 
tion the pressure was determined m the vans of 
the dorsum of the hand* at various occluding 
cuff pressures, while the relation of the level of 
the hand to the level of the cuff was being changed 
through a wide range. Table I gives the results 
• By the direct method of Morfti aod v Tabora, 


TABLE 1 


Rdahon oj ventna prasure tn Pi* hand to cuff Prtuvre 
dunne ciancfi of Uoel of hand 


Rclatfcio of haod 
Tdn to UMt 
dtpeadent put 
of ctdf 

Cuff 

preanre 

Venotta 

pwun 

DUItrcAC* 

13 0 cm. above 

»«,Hx 

mm fix* 

•on fix 

60 

54J 

-5 7 

9 7 cm, above 

60 

561 

-3 9 

S 4 cm. above 

60 

57 9 

-2 1 

1 6 cm, above 

60 

61J 

+U 

1 7 cm. above 

60 

62S 

+2J 

1 7 cm above 

52 

S4J 

4*2.3 

17 cm above 

34 

35^ 

+1.5 

3,5 cm below 

, 34 

42 1 

+8,1 

3,5 cm below 

1 52 

1 59 2 

t +7J 


* Actually detennioed m mm, of Isotonic salt polutlon 
and converted to mm, 



Fio 3 Rsspoksb or Capiuaby Blood Pmssuie to Inobasd) Venous Piessusi nt a Subject with 

Aktewal Httot ensi ox ' 

Direct method (venous limb) capillary pressure finally exceeded cuff p re ssur e. Dunnff readings at (1) 
flow was obstructed by the pipette. Indirect method cajdUary pre ssu re unaltered. 
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Fig. 2 Response op Capillary Blood Pressure to Increased Venous Pressure in a Subject with Normal 

Blood Pressure 

Indirect method no change whatever Direct method (arteriolar limb) quick response to exceed cuff 
pressure. Capillary stasis at the time of the last four readmgs probably accounts for their low level 


difference m result The capillary pressure re- 
sponse typical for each method was obtained at 
all cuff-pressures between the limits of 36 and 90 
mm Hg The higher cuff-pressures were em- 
ployed m hypertensive subjects, in one of whom 
a direct capillary pressure reading of 102 mm 
Hg ivas obtained at a cuff -pressure of 90 mm Hg 
Since the capillary blood flow persisted steadily 
onward dunng the penod of elevated venous pres- 
sure in all of the foregoing expenments, it may 
be assumed that the capillary blood pressure ac- 
tually exceeded the venous pressure Therefore, 
It has been concluded, that, whereas the direct 
method yields accurate estimates of capillaiy blood 
pressure, the mdirect method fails to do so 


The direct method has also shown that rapid 
fluctuations in capillary blood pressure may occur 
spontaneously (see Figures 4 and 6A) These 
are not detected by the indirect method 

Relation of venous pressure tn the hand to 
occluding cuff-pressure 

In the earlier expenments with the cntical test 
it was assumed that the pressure in the occluding 
cuff accurately represented the pressure in the 
vems of the hand It became necessary to in- 
qmre whether this was a correct assumption when 
observations (see above) were recorded in which 
the directly-determined capillary pressure, al- 
though nsing promptly with cuff inflation, failed 
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erroneous conclusions may also be reached in in- 
terpreting those observations in whicli, dunng the 
cntical test the capillary pressure exceeded the 
cuff pressure. Figure 6B is an example of this 
It shows that, whereas the capillary pressure was 
higher than cuff pressure by 0 5 to 8 mm Hg the 
measured venous pressure was exceeded by 4 to 
13 ram Hg 

Subsidiary experiments with the indirect 
pressure capsule uiclhod 
The possibihty was considered that the apparent 
inadequacy of the mdircct metliod to measure 
changes m capillary pressure might be attributed 


to some local pecuhanty of the nail fold capil 
lanes Consequent!) , attempts were made to 
apply the pressure-capsule to other skin areas m 
which venous pressure could be altered as re- 
qmred for the cnScal test Most of the skm 
areas of the extremities were found to be either 
too uneven or too yielding to permit proper appli- 
cation and use of the capsule The skin overlying 
the flat antero-medial surface of the tibia afforded 
an excellent site, but here the capillary pressure 
readings were vitiated by the spontaneous inter- 
missions m capillary blood flow which are so 
frequent in this area (8) 

Changing the position of the nail fold in rela- 



Fio. 5 Rebtonsi or Capiujuit Blooo Fiissuie to I»craAsn> Vskoob Psissom ni a DtAienc witn Nohmai. 

BmoD PassSoaE 

Direct method (venous limb) capillary presinre rues and fall* promptly bat falll to reach cuff preaiurc by 
1 J to 3 0 mm. Hg Indirect method unchanged capfllary pressure. ^ 
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Fic 4 Response of Capillary Blood Press-uee to Increased Venous Pressure in a Subject with 

Arterial Hypertension 

Indirect method no significant change Direct method (summit of loop) prompt response to ex- 
ceed cuff pressure. Note spontaneous nse m capillary pressure m the penod before cuff inflation. 


obtained in a typical expenment Similar results 
were obtained in six additional expenments 

These experiments show that venous pressure 
is less than cuff-pressure when the hand van is 
at a level above that of the most dependent por- 
tion of the cuff The difference betiveen the two 
pressures can be accounted for by the hydrostatic 
relation between the level of the hand and that 
of the cuff 

Dunng the cnbcal test the nail fold ivas usually 
9 to 12 cm above the level of the most dependent 
portion of the occluding cuff This indicates that 
the venous pressure in the hand was usually 3 to 
6 mm Hg less than cuff-pressure Direct venous 


pressure measurements m several expenments 
have confinned this occlusion 
Having established these relationships, it ivas 
concluded that capillary pressure dunng the cn- 
tical test had probably exceeded the venous pres- 
sure in the hand in all expenments, even m those 
m which the cuff-pressure had not been reached 
Figure 6A gives evidence of the correctness of 
this conclusion In tlus observation the directly- 
determined capillary pressure failed by 1 5 to 4 5 
mm Hg to reach cuff-pressure but exceeded the 
actually measured venous pressure (horizontal 
arrow) by 6 to 1 5 mm Hg 

Unless these relationships are borne in mind, 
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There has been a wide vanation m tlie daily 
estimated vitamm C requirement of man (1) 
This appears to be due to several factors The 
first of these is the lack of uniformity m the 
entena used for estimating the amount of vitamin 
C required some observers using changes in 
capillary fragility others using the urinary ex- 
cretion foUmving test doses of vitamm C and still 
others usmg the amount of vitamin C excreted m 
24-hour periods Secondly in a great many of 
tlie reports the diets are not carefully controlled 
Thirdly no prolonged studies have been done in 
which the plasma concentration and the unnary 
excretiOD of vitamm C liave been correlated when 
the patients were kept on vitanun C free diets 
and fed quantitative amounts of vitamin C 
The question of the requirement of vitamin C 
can be considered from two aspects (1) the 
amount necessary to maintain the normal plasma 
concentration and (2) the amount necessary to 
raise the plasma concentration from a subnormal 
to a normal level The concensus of opmion at 
the present time is that the normal plasma con- 
centration of vitamm C should not be below 08 
mgm per cent (2) In most groups of normals 
reported including a group of students observed 
in this laboratory the average plasma vitamm C 
was about 12 mgm per cent 
In a previous study (3) %\e found that the 
amount of vitamm C excreted in the unne de- 
pended on the plasma concentration of the vitamin 
on the rate of glomerular filtration and on the 
maximal rate of tubular rcabsorption These tv^o 
latter factors were found to be fairly constant m 
normal adults and a sharp increased excretion of 
the vitamm did not occur until the plasma level 
had exceeded about 1 4 mgm per cent On the 
basis of these observabons it seemed to us that 
iThh research wm aided by a grant from the Jojiah 
Macy Jr Foundatloa 


the amount of vitaimn C required dail> by an 
adult would be the smallest amount necessary to 
maintain the normal plasma levcL It follows that 
at this level tlie amount excreted should be small 
and should remain fairly constant so that the 
maximal rcabsorptive capaaty of the kidney 
tubules would not be exceeded Furthermore, if 
more than the daily requirement of vitamm C 
w-crc given the cxcrcbon of vitamin C should 
nse promptly 

Obviously, m order to determine the amount 
of vitamin C required daily by adults the dietary 
intake should be controlled the vrtnmm should be 
fed quanbtabvely the 24-hour unnaiy excretion 
of the vitamm should be dctemimcd daily, and 
tins should be correlated with the plasma concen 
trabon at frequent intervals 

UETHODS 

Three normal adults were bospitalized and fed diets 
containing not more than 5 mgm. of vitamin C (Table I) 
The riumln C content of these diets wus determined 
by direct analysis except for the meat, the figure for 
which was obtained from the publlcahon of the Depart 
ment of Agncultore No 275 (4) The 24-honr ormary 
excretion of vitamm C was dctennfned daily in each 
case during the enure penod of obaervitloeL The urines 
were collected in dark bottles to which was added enough 
glacul acetic tad so that, by the end of the 24 hours, 
the concentration of add was approximately 10 per cent 
by volume. As the urinary volume was fairly constant 
in each individoal from day to day the amount of and 
necessary was readily calculated. The bottles were kept 
in the icebox and the urines were added when voided. 
The plasma concentration was determined three tunes 
weeldj throughout the study 

In the early part of the study vitamin C wtu deter 
mined in both blood and urine Iv titration with dichlor 
phcnollndophenoL Later the determinations of vitamin C 
were done in blood and nrioe in the photoelectric colon 
meter tumg the methods desenTxd by Mindlm aw 
Butler (5) for blood plasma and by Evelyn (6) fen 
tirroe. In 2 patients on the vitamin C free th( 
urinary vitamm C was 
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obtain has been included in this report The authors are 
also indebted to Mr William A Okta\ec, Jr, for his 
constant and \ery helpful assistance. 
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centraUon was 0.30 mgm per cent For the first 
6 days the patient was mamtamed on diet alone. 
The daily excretion was 64 with a Standard 
Deviation of ± 3S The patient was then fed 
100 mgm of cevitamic aad daily for a period of 
52 days The average daily urinary excrcbon 
for this penod was 6 0 d: 4 4 mgm The rcten 
tion averaged 94 mgm daily After 25 days the 
plasma concentration was 077 mgm per cent. 
Nineteen days later the plasma concentration was 
1 07 mgm per cent, and it remained at approxi 
mately this level The studies were then discon 
tmued for a penod of 2 months In the second 
part of the study, dunng the first penod of 8 
days on diet alone, the patient excreted an average 
of 6 mgm with a Standard Deviation of i;2 0 
daily and the plasma concentration of vitamin C 
fell from 0 56 to 077 mgm. per cent For the 
next 41 days he received 50 mgm daily The 
average excretion dunng this penod was 96 
± 57 mgm, and the average retention was 40 
mgm. The average plasma concentration of 
vitamm C was 078 mgm per cent and the blood 
plasma vaned from 074 mgm per cent to 034 
mgm per cent In the third penod consisting 
of 43 days, the daily mtake of vitamin C was 
increased to 75 mgra of cevitamic aad The 
daily excretion averaged 7 9 i: 3 6 mgm so that 
the daily retention was 67 mgm. The blood 
plasma concentration of vitamin C rose from 0 30 
mgm per cent to 0 70 mgm per cent and was 
maintained at this latter figure for a penod of 
20 days The vitamm C mtake w'as thca m 
creased to 100 mgm daily for a penod of 45 days 
The average daily excretion was 13 ± 3 7 mgm 
and the daily retention averaged 87 mgm. The 
plasma concentration of the vitamm rose from 
070 mgm per cent to 170 mgra per cent within 
16 days and was mamtamed at this level for 24 
days 

Dunng the next penod of 31 days the patient 
received 150 mgra of cevitamic aad daily The 
average daily excretion was 68 mgm, di 14 mgm 
and the daily retention averaged 82 mgm The 
blood plasma concentration of vitamin C promptly 
rose from 170 mgm per cent to liO mgm per 
cent and was maintained at the higher level for 
the rest of the penod 

For the sixth and last penod of 30 days the 
vitarmn C mtake was reduced to 50 mgra dafly 


The purpose of decreasing the intake for a period 
of time was to find out whether once the plasma 
concentration bad been elevated a smaller daily dose 
would maintain the higher plasma level As can 
be seen m the chart this did not occur On the 
15th day the plasma concentration fell to 076 
mgm per cent and leveled off at 0 6 mgm per cent. 
The urinary excretion fell more promptly than the 
blood and by the 7th day was 13 mgm which was 
the average daily excretion for the penod with a 
Standard Deviation of ifc 4 3 mgm 

A third patient A T , 35 years of age, haght 
65 inches, weight 135 pounds surface area 1 65 
square meters (Figure 3) was kept on the diet 
alone for a penod of 12 days His blood plasma 
concentration of vitamin C at the start of the study 
was 17 mgm per cent due to the fact that he had 
received massive doses of cevitamic aad for several 
days pnor to the study On diet alone the blood 
plasma concentration of the vitamm fell rapidly 
to 070 mgm per cent The unnary excretion fell 
dunng this time and by the 11th day he was ex- 
creting none 

In the second penod of 18 days he was given 
50 mgm, of cevitamic aad daily The plasma 
concentration of vitamin C was maintained 
throughout this penod at a level of about 0 30 
mgm per cent The average daily excretion of 
vitamin C was 5 9 ± 2 3 mgm and the average 
daily retenbon was 44 mgm 

The daily mtake of vitamm C was then raised 
to 75 mgm for a penod of 25 days The blood 
plasma concentrabon of vitamm C rose slightly to 
0 50 mgm per cent The average daily excrcbon 
was 6 d: 2 2 mgm. and the average daily reten 
tion was 69 mgm 

In the fourth penod of 42 days the patient was 
given 100 mgm of cevitamic aad daily The 
dafly unnary excretion averaged 12 it 3 3 mgm 
end the average daily retention was 88 mgm The 
blood plasma concentration began to nsc rapidly 
from 0 50 mgm. per cent and after 32 days had 
reached a concentrabon of 1 0 mgm per cent 
For the last 10 days of the penod the average 
plasma level was 17 mgm. per cent Dunng tins 
fourth penod the plasma concentrabon fell on the 
25th and 27th days and we found that through an 
error only 50 mgm of cevitamic aad ^vas gi\en 
for 2 days pnor to this fall 

In the fifth jienod of 18 days the vitamin C m- 
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the vitamin C status of the individual has been 
estimated on the basis of the unnary excretion 
of the vrtamim Obviously, the excretion of the 
vitamin depends on the amount ingested How- 
ever, until the mgestion exceeded 100 ragra of 
vitamin C daily, the excretion remained fairly con- 
stant and rarely exceeded 15 ragm of vitamin C m 
24 hours Therefore the 24-hour urinary excre- 
tion of vitamin C without any knowledge of the 
plasma level does not give complete mformation 
of the vitamin C status of the individual An 
excretion of 15 mgm dafly can occur at intakes 
varying from 50 to 100 mgm. of vitamin C and at 
fasting plasma levels ranging from OJ to 1 0 mgm 
per cent This is shown m the summary of all 
the periods in all 3 cases (Figure 4), where the 
average daily excretion of vitamin C at intakes 
of SO, 75 and 100 mgm daily vaned from 8 to 
13 mgm It IS only when the intake exceeded 100 
mgm. daily that there ^vas any significant increase 
in the 24-hour unnary excretion of the vitamin 
Below an intake of lOO mgra of vitamin C daily 
the plasma level was a more accurate index of 
the vitamin C intake When the intake exceeded 
100 mgm. doily the unnary excretion reflected 
more accurately the increases m the ingestion of 
the vitamm 

Apparently in the full-grown adult the daily 
vitamin C requirement is not dependent on age, 
height and weight In these 3 cases the ages 
varied from 35 to 57 vears, the heights from 
65 inches to 72^ inches and the weights from 135 
to 160 pounds Case 3 gamed 20 pounds dunng 
the 200 days that he was under observation and 
this had no effect on the vitamin C requirement 
For this reason we have not estimated the daily 
requirement on a per kilogram basis as was sug 
gested by Hememann (10) 

SUMMARY 

The daily excretion of vitamm C and the plasma 
concentration of the vitaram were determined on 
3 male adults kept on control diets and fed vary 
ing amounts of vitamin C m the form of ascorbic 
aad 

When the amounts of vitamm C fed daily did 
not exceed 100 mgm the 24-hour excretion of 
vitamin C did not exceed an average of 13 mgm 


When more than 100 mgm was fed daily there 
was a sharp rise in the unnary excretion of the 
vitaram and the rise contmued to parallel any 
mcrease m the ingestion of the vitamm 
When less than 100 mgm was fed daily, it was 
impossible either to raise or maintam a plasma 
vitamm C level of 1 0 mgm. per cent 
When fed 50 ragm. of vitamm C daily, the 
plasma concerxtrabon of vitamin C averaged Q4 
mgnu per cent As the patients were normal and 
as there were no symptoms of vitaram C de 
fiaency it is suggested that this plasma level be 
considered the lower limit of normah At this 
plasma level, however the body tissues are not 
saturated with vitamin C and saturation apparently 
does not occur until the plasma conantration la at 
a level of 1 0 mgm. per cent 
As a plasma concentration of 1 0 mgm. per cent 
can only be obtained and maintained on a daily 
intake of at least 100 mgm of vitamm C, it is 
suggested that this be considered the optimum 
daily intake 
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reasonable, as a result of these observations, to was 0 8 mgm per cent the tissues were still ap- 

reconsider our ideas of the normal plasma limit parently not saturated, as the excretion of vitamin 

and to consider a plasma concentration of 0 4 C did not increase until a fasting plasma level of 

mgm per cent as the low limit of normal We do 12 mgm per cent had been reached On the 

not wish to create the impression that this is a basis of these facts we would not recommend that 

desirable plasma level of vitamin C for an in- a normal individual should only ingest enough 

dividual In fact these studies have shown that vitamin C to maintain such a low plasma con- 

at this plasma le^'el the tissues are not saturated centration On the contrary we feel that 100 

and, when increasing amounts of vitamin C were vigm of vitamin C daily is the desirable intake 

fed, the plasma concentration continued to rise and, if one expects to maintain a plasma concen- 

w'lthout any parallel increase in the excrebon of trabon of 1 0 mgm per cent, this is the amount 

the vitamin unbl the daily intake exceeded 100 required 

mgm Even when the plasma vitamin C level In previous studies from many laboratones (9) 



Fig. 4 Average of the Daily Excketiox on the Three Cases at the 
Various Levels of Vitamix C Intake 
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Fig. I Re»ult% ot Estuadkflbekxoath IwjBcnoK® tn pAtnuft Case 1 


period of twenty two days The faating blood sugar raltrei 
fell to about 140 mgm- per 100 ct after foorteen m 
je cU ops hirtber mjecuems did not result In a signifi- 
cantly greater lowering The fasting blood sugar re- 
named around 140 ragm* per 100 cc for nme days after 
the last inleedon of cstradwlbcnioate, then started to 
rise and reached a level of 244 mgm. per 100 cc on the 
sixty sixth day 

The general condition of this patient was retnarVably 
improved. She had suBered considerable pain from 
hypertrophic arthritis of both knees for one year When 
first seen, she ^-alked with difficulty After the first four 
miections of estradiolbenioatc she volunteered the in- 
formation that her arthritis had improved to such an 
cxtCTJt that she coold ivalk much better and could freely 
beod her right knee, which was prenously stiff Similar 
efiects have been reported by Hall (15) fa menopause 
arthralgia. 

On the fifty fifth day while the fasting blood sugar 
was gomg up the patient was discharged. Owing to 
her fatelUgencc and cooperation It was possible to mam 
tain the same diet at home and to cootfaue the investi 
gallon. The results of the further obserrationi are given 
m Figure 25 On the slxty-sUth day 100,000 inter 
natwoal units of cstradlolbcnsoate (2 cc.) were injected. 
This was followed the next day by metrorrhagu of three 
days duration. On the seventy third day the patient 
received an injection of 50000 fateraatkmal tmhs oC 
cstradjolbenroate (1 cc.) and from then on tbh amount 
was given twice a week- The fastmg blood sugar again 
fell but more iloivly than during ibe period of daily 
injections. From an inltisJ level of around 240 it 
readied a value of I7I mgtn. per fCW cc on tfcc nmery 


fourth day, after seven injections. The patient then 
burned her hand and missed the next injectiem one or 
both of these factors may have been respcnsit^e for the 
subsequent peak fa the fasting blood sugar values (242 
rngtiL on the one hundred and first day) After the re- 
ffumptioo of injections of SO 000 international units of 
cstradiolbenioate twice a week, the fasting blood sugar 
values again decreased and reached 155 rogm. per 100 
cc on the cmc hundred and twenty-second day after 
fifteen mjectkms. On the one bundnrf and fifty first day 
metrorrhagia set In and persisted In varying Intensity for 
two weeks. The last mjection of eatradioibcnioatc was 
given on the one hundred and fifty third day Tbe fast 
mg blood sugar valacs then rose progressively and reached 
263 iBgm. per 100 cc twenty five days after the last 
injection. 

Cose S This 40-year -old white woman began to ex 
perience menstrual irregulantica four years before entry 
to the hospital. Two years later a panhyste r e ct omy was 
performed disdosmg, according to a pathologuts report, 
late proliferating endometrium, early squamous cell card 
ooma of the cervix, and thecal lutein cysts of the ovaries. 
On the day before operation she was found to have 
diabetes, which required 10 units of msulm and 15 units 
of protamine insulin daily for regulabon when the patient 
entered the hospital for the present observations. As 
shown in Figure 3 dunng a control period of five days 
without insulin the fastlug blood sugar averaged about 
300 rogm. per 100 cc Thereafter daring the experi 
mental penod the patient was given fourteen daily in 
jectiooa of 50,000 international units of cstradiolbenioatc 
each. After five days the fasting blood sugar 
aged about 240 ragra. per !00 cc /or amc 









716 


C J GESSLER, J A HALSTED, AND R P STETSON 


absolutely no effect on human diabetes They 
used daily doses TOiying beb\een 100 and 400 
rat units Glen and Eaton (12) improved the 
condition of a severely diabetic woman, in whom 
the diabetes apparentl}’^ started after an ovanec- 
tomy, by injections of estrogenic substance In 
this case there was said to be an increased amount 
of diabetogenic hormone m the blood, as tested 
by the method of De Wesselow and Griffiths (13) 

One possible explanation for the conflicting 
reports in the literature may be the present in- 
ability to discnminate betiiveen those diabetics in 
whom the pituitary may have played an etio- 
logical role and tliose with purely pancreatic 
diabetes If estrogenic substance can exert an 
influence on diabetes, such an effect theoretically 
should be demonstrable more easily at a life 
penod when the organism is lacking in ovanan 
estrogenic hormone With this in mind, it was 
deaded to study the effect of injected estrogenic 
substance on the blood sugar of diabetic women 
who had passed the menopause 

METHODS 

Five female diabetic patients who had passed 
the menopause were chosen for study Two of 
these women (Cases 1 and 2) gave an unequiv- 
ocal history of the simultaneous onset of the 
menopause and diabetes In Case 3 menopause 
symptoms preceded by two years the detection of 
diabetes at the time of a panhysterectomy In 
Case 4 the correlation was difficult to ascertain, 
but It is probable that the diabetes began shortly 
before the menses became irregular, amenorrhea 
occurnng four years yater In Case 5 the meno- 
pause preceded the sudden onset of diabetes by 
seven years 

The general expenmental plan was as follows 
In each instance the patient ivas maintained 
throughout the entire penod of observation on a 
diet contaming 151 grams of carbohydrate, 74 
grams of protein and 92 grams of fat, with a 
calonc TOlue of 1,728 calones This diet Avas 
tolerated \%ell and in no instance was there any 
significant change in n eight dunng the penod of 
observation Dunng a first penod the patients 
were treated wath insubn in addition to the basal 
diet Dunng the next control penod, var^nng 
from file to fourteen dajs, no insuhn w'as given 


and the fasting blood sugar values rose Dunng 
an immediately subsequent expenmental penod, 
intramuscular injections of estradiolbenzoate 
(Progynon B) ^ in amounts up to 50,000 inter- 
national units (10,000 rat units) were adminis- 
tered daily or otherwise, as shoivn m Figures 1 
to 5 Throughout the entire penod of observa- 
tion the fasting blood sugar values were deter- 
mined at frequent intervals on venous blood 
(Fohn method) For convenience the expenmcn- 
tal results in each case are discussed separately 

In 2 patients an attempt ^vas made to determine 
whether they belonged, according to the method 
of Himsworth (14), to insuhn-sensitive or in- 
sulin-insensitive types, respectively In 4 patients 
unne assays for folhcle-stimulating pituitary 
hormone were made both before and after the 
penod of injection of estradiolbenzoate Finally, 
the influence of these injections on the basal 
metabohc rate was determined m two instances 

RESULTS 

Case 1 This 50-year-old white woman was found to 
have diabetes at the time of the menopause, six months 
previous to admission to the hospital The diabetic con- 
dition was controlled by 30 units of protamme insulm 
a day The results of this observ-ation are given m 
Figure 1 Dunng the eleven-day control penod without 
insuIm the fasting blood sugar values rose. During the 
first three days of the subsequent experimental period 
daily injections of 10,000 international units (1 cc.) of 
estradiolbenzoate were given, without any effect on the 
fasting blood sugar The daily dose was then increased 
to 20,000 mtemational units (2 cc.) and continued at 
this level for twelve days, again with no effect on the 
fastuig blood sugar values After an interval of four 
days, 50,000 mtemational units of estradiolbenzoate (1 
cc.) were injected daily for six days The fastmg blood 
sugar values then decreased from around 230 mgm. and 
reached the lowest value of 178 mgm. per 100 cc, six 
days after the last injection of estradiolbenzoate. The 
fastmg blood sugar values then slowly rose. 

Case 2 This 62-year-old white woman developed 
diabetes withm three months after the menopause, four- 
teen years before admission to the hospital The diabetic 
condition was controlled by 35 units of protamine insulin 
a day The results of this observation are given m 
Figrures 2A and 2B Durmg the control period of thir- 
teen days without msulm the fasting blood sugar values 
rose to 267 mgm. per 100 cc. Durmg the following ex- 
perimental period daily injections of 50,000 international 
imits (1 cc.) of estradiolbenzoate were given over a 

® We wish to extend our thanks to the Sobering Cor- 
poration for a generous supply of Progynon B 
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bve group, while case 4 was of the insulin sens! 
live type 

Urtne assays for follicle stimulating hormone 
Tests for follicle stimulating hormone were per- 
formed on twenty four hour unne specimens from 
Cases 12 4 and S both before and after mjec- 
tions of estradiolbenioate The method used was 
Zondek's alcohol precipitation teat using rats as 
the test animal * With the particular technique 
employed negative tests (less than 20 rat units 
per liter) are umformly obtained in normal women 
before the menopause, and positive tests (at least 
40 rat umts per liter) are obtamed in most cases 
after the menopause In each of our 4 patients a 
positive test was obtained before the injections of 
estradiolbenioate and a negative test was obtained 
two days after the last injection These results 
indicate that the injections of estradiolbenioate 
were effective In inhibiting the follicle stunulating 
function of the anterior pituitary 

Influence of the injection of esiradiotbencoate 
on the basal metabolism In Cases 2 and 4 the 
basal metabolic rate was measured before and 
after injection of estradiolbenioate In each m 
stance the imtial basal metabolic rate was normal 
or slightly low In no instance did a sigiuficant 
change occur after the injections 

DISCUSSION 

Unne assays in 4 of 5 diabetic women who had 
jMssed the menofiause and who were given m 
jections of SO 000 international units of estra 
diolbenioate for several days indicated the effec 
trveness of this material in inhibitmg the follicle- 
stimulating function of the anterior pituitary In 
2 patients Cases 1 and 2, in whom the diabetes 
began at the tune of the menopause, the elevated 
fastmg blood sugar values which were reached 
after the discontinuance of msulin therajiy were 
significantly lowered by daily injections of 50 000 
mtemational umts of estradiolbenioate. More- 
over, a few days after the last injection the fast- 
ing blood sugar values went up again In the 
patient. Case 3 in whom diabetes apjjeared two 
years after the menopause began and at the time 
of surgical removal of the ovanes it is probable 

*The tests were pcrlormed by Miss EstcUe Donovan 
and Mfu Prlidtta Spalding of the Ascfabdm Zondek 
Laboratory of the Ualloty Institute for Pathology of the 
Boston City HosjntaL 


that a sumlar effect was obtained The insistence 
of the pabent on leavmg the hospital, however, 
unfortunately prevented a sufficiently long penod 
after the tenmnatlon of the Injecbons in which to 
observe a potential rise of the blood sugar In the 
patient. Case 4 in whom the diabetes was dis 
covered shortly before the menofiause, no sig- 
nificant effect on the blood sugar was observed 
In the patient. Case 5, in whom the menopause 
preceded the onset of the diabetes by at least 
seven years there was no lowenng of the blood 
sugar as a result of injecbons of estradiolbenioate. 

The blood sugar lowenng effect is considered 
to have been due to inhibition of the diabetogenic 
factor of the antenor pituitary by the injected es 
tradiolbenioate. It is not necessanly an argument 
against this assumption that although before the 
injection of estradiolbenioate 4 of these 5 patients 
showed mcreased excretion of follicle stimulating 
hormone the blood sugar of only 3 responded 
sigmficantly to estradiolbenioate. Although es 
tradiolbenioate has been shown to be capable of 
lowenng the elevated basal metabolic rate of 
women who have become thyrotoxic after the 
menopause (4), m the present observations the 
normal basal metabolic rate remamed unaffected 
Apjiarently the inhibitory effect of estradiolben- 
loate IS manifest only in the presence of excessive 
secretion of thyrotropic hormone of pituitary 
ongm Similarly, m the present observations the 
inhibitory effect of estradiolbenioate in 3 of the 
patients may perhajis be taken to mdlcate an ex- 
cessive influence of pituitary diabetogenic factor 

In future it may be possible by means of tests 
for diabetogenic factor in the blood or unne (13) 
(16), to distinguish between two types of diabetes, 
one mainly pancreatic the other mainly pituitary 
In ongin According to Hunsworth’i (14) tech- 
nique, Case 2 belonged to the insulin inscnsihw: 
group while Case 4 was apparently of the insubn- 
sensitive type. The conflictmg results m the 
literature on the subject of the effectiveness of 
estradiolbenioate in diabetes may be due either to 
such differences in the type of diabetica studied or 
to the fact that insufficient amounts of estrogenic 
substance have been used. The negative results 
obtained by Collens and his associates (11) can 
certainly be explamed on this basis, because they 
injected only 2 000 international units daily, 
whereas the observations on '' 
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■when the injections were discontinued, the data suggest 
that the fasting blood sugar was a little higher than dur- 
ing the injection period. 

Case 4 This S4-year-old white woman apparently be- 
came diabetic eight years before entry to the hospital and 
shortly before the menses became irregular Amenor- 
rhea occurred four years later The diabetic condition 
was controlled by 30 units of protamine insulm a day 
The results of this observation are given m Figure 4 
During the seven-day control penod without insulin the 
fasting blood sugar lalues rose and finally reached 240 
mgm. per 100 cc, Durmg the following experimental 
period daily injections of 50,000 international units of 
estradiolbenzoate (1 cc.) were given over a period of 
eighteen days Despite considerable fluctuations during 
both the control and the experimental penods, the in- 
jected estradiolbenzoate had no consistent effect on the 
fasting blood sugar, which was 239 mgm. per 100 ca on 
the thirti -second day after eighteen mjections 

Case 5 This 58-year-old white -noiasn expenenced the 
menopause more than ten years before entry to the hos- 
pital Seien years later she rather suddenly developed 
symptoms which led to the diagnosis of diabetes This 
was controlled dunng the last two years with 25 units of 
msulm daily The results of the observations are given 


in Figure 5 Durmg a nine-day control period without 
insulin her fastmg blood sugpr averaged about 150 mgm 
per 100 cc. During the subsequent experimental period 
daily mjections of 50,000 international units for eight days 
and of 100,000 mtemational units of estradiolbenzoate for 
three additional days did not prevent further increases m 
the fasting blood sugar level, which reached a maxmium 
of 217 7 mgm per 100 cc. on the nmth day of the ex- 
perimental period. 

Glucose tolerance Glucose tolerance tests in 
our patients gave typical diabetic curves Fifty 
grams of glucose were given orally instead of 
breakfast, samples of venous blood were taken 
every half hour for two or three hours, the pa- 
tient remaining in bed dunng the test An at- 
tempt was made in two of our cases to differ- 
entiate them according to Himsworth (14) into 
insulin-sensitive and insuhn-insensitive types, 
using the glucose tolerance test with and without 
simultaneous intravenous injection of insulin 
Case 2 apparently belonged to the insulin-insensi- 
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The fundamental pathology of von Gierke’s gly- 
cogen disease (1) lies m the inhibition of m vtvo 
and postmortem glycogenolysis of the liver and 
other organs In the discussion of the pathogene- 
sis of this disorder, hypcnnsulmism has been time 
and again suggested smee Wilder and his collabo- 
rators (2) described their famous case of pan- 
creatogenic hypennsulimsm with severe spontane- 
ous hypoglycemia and a very high Iiver-glycogcn 
content They hinted at a similar situation m the 
equally famous case of Pamas and Wagner (3) 
This case, concerning a 9-year-old girl with hqia 
tomegaly hypoglycemia ketonuna and retardation 
of growth, IS now almost universally recognired as 
the first case of glycogen disease ever described m 
the literature before the final eluadation of the dis- 
order by von Gierke m 1929 (1) (cf the early case 
of Worster Drought (4a) and espeaaHy that of 
Snapper and van Creveld (5)) It has been no- 
ticed however, that m Wilder s case of cardnoma 
of the Langerfians islets with metastases to the 
hver, postmortem hepatic glycogenolysis was not 
determined and as a matter of fact has never 
yet been determined m the numerous cases of 
hypennsulimsm reported m the literature. It is 
the purpose of this commumcabon to fill this gap 
by examining postmortem hepatic glycogenolysis 
in 2 cases of spontaneous hypoglycemia, one of 
which IS almost certamlv due to pancreatogenic ' 
hvpcrmsuhmsm while the other will be tentabvely 
classified as ‘ neurogemc hypennsulimsiTL 

CASE REPORTS * 

C(ue L Albert R- 36 year*, Number 195034 Ad 
mltted to the Department of Neuro-Surgery Umvercty 
of Chicago on March 21 1938 

The pabent bad unexplained attack* of complete tm 
conscioutneis for quite some time which were rcrealed 


iThu work was aided by a grant from the Douglas 
Smith Foundation for Medical Rcicarch- 
* For more elaborate findings sec later publication by 
N B Fnedman and W Sweet to whom the writer is 
greatly indebted for communicating the data. 


to be typical sclxures of spontaneous hypoglycemia. 
Blood sugar on fasting and during attadcs was between 
16 and 23 mgm. per cent no glycosuria no ketoouria, 
Tbe liver was found to be grossly enlarged and nodular 
to palpation. The hypoglycemic *clcure* were imme- 
diately »topped or prevented by Intravcnou* glucose in 
futions but not by adrenalin injections. The daily glu 
cote requirement by mouth and parcntcrally was about 
600 grams. Under this regime, further hypoglycemic 
teizures were prevented the body weight increased from 
57 1 to 64,3 kgm, within three roonthi in ipite of tbe 
underlying cafonoma. Alimentary glocose tolerance test 
high nse of blood sugar fallmg off very early to hypo- 
glyi^nic levels. Adrenalin test (I mgm. fubcoteneously) 
non fasting blood sugar 73 mgm, per cent, after 20 nnn 
utes 98 mgm, per cent, after 45 minutes 65 mgm, per 
cent slight vasomotor response. There was no ab- 
normal sensitivity to insulin. Tbe blood cholesterol was 
nonnaL 

Clmtcai diagnotis Spontaneous hypoglycemia, prob- 
ably due to a pancreatic tumor An exploratory laparot 
omy was done on April 15th. Innume^le white meta 
static nodules were seen all over tbe liver Follow 
ing the ether anesthesia, the glucose requirement was 
considerably reduced for several days. During 24 hour* 
preceding death, 580 grams of glucose were administered 
parenterally the last dosage about 2 hours before death, 
Ezitus oa June 22, 1 ,20 pjn 

Autopsy {storied 15 mnuites after deoth) Camnotna 
of the pancreatic Islet* with nodular metastase* to the 
liver and other viscera. Histologically there was no 
abnonnaJ glycogen storage outside the liver and muscle*. 
An insulin assay of the liver nodules was unsatisfactory 

Case 2 William M., 56 year*. Number 206024 Ad 
nutted to the Department of Medidne University of 
Chicago, on September 23 1938. 

The patient had supposedly uremic attack* with com 
plete imconsaotisness for abemt 8 weeks which were rec 
ognued as typical leieurca of ipontanecms hypoglycemia. 
Blood sugar on fasting and during attada was between 
26 and 34 mgm. per cent, occasionally higher (72 mgm. 
per cent) no glycosuria no ketonuna. The hypogly 
cemic seizures were stopped and prevented by adminlstra 
tion of large amounts of glucose by mouth and paren 
temlly AJimenlary glocoie tolerance test High nse of 
blood sugar for about an hour falling off to around 30 
mgm. per cent after 2Ei hour*. Adrenalin test* (1 mgm. 
tubdtaneoualy) fasting blood sugar 62 mgm. per cent, 
after 5 15 and 60 minutes 58 60 and 65 mgm. per cent 
reapectutly 3 mgm. fntravenouity nou-f«tmg blood 
sugar 76 mgm. per cent, after 5 10 and 40 minutes 84 
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daily injechons of even 10,000 and 20,000 inter- 
national units, respectively, were ineffective in 
lowering the blood sugar 

The type of patient most likely to respond to 
estradiolbenzoate would theoretically be the case 
in which the diabetes appeared with or shortly 
after the menopause, or shortly after the surgical 
removal of the ovaries The activity of estra- 
diolbenzoate in such patients would be expected 
to be most readily observed dunng or soon after 
the menopause It is not the purpose of this 
article to discuss the nature of the diabetogenic 
factor in the antenor pituitary Data on this sub- 
ject can be found m the papers by Young (17) 
(18), Long (19), Houssay (1), Elmer, Giedosz 
and Scheps (20), Neufeld and Colhp (21) and 
Taubenhaus (22) 

SUMMARY 

Five diabetic women who had passed the meno- 
pause were given intramuscular injections of estra- 
diolbenzoate (50,000 international units daily) 
In the four instances tested, the excretion of 
folhcle-stimulatmg hormone of the pituitary was 
significantly decreased by this procedure A sig- 
nificant lowenng of the fasting blood sugar re- 
sulted in 2 of the patients (Cases 1 and 2) in 
whom the onset of diabetes coinaded wth the 
menopause, and probably in a third (Case 3) m 
whom the menopause preceded the diabetes It 
IS suggested that this effect was due to inhibition 
by the injected estradiolbenzoate of a postmeno- 
pausal excessive production of the pituitary dia- 
betogenic factor In the other 2 patients (Cases 

4 and 5), there was dearly no effect from the 
estradiolbenzoate injections In Case 4 the onset 
of diabetes preceded the menopause and in Case 

5 the menopause preceded the onset of diabetes by 
at least seven years 
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of the rectus muscle (0^2 gram per cent), al- amount and tune of glucose admuustrations dunng 

though smaller than m Case 1, was still higher the day preceding operation or death may well 

than might have been expected 2% hours after play a part m determming the glycogen figures of 

death Rather large amounts of glycogen were sudi cases 

found m the hver not only at autopsy (3fi2 grams The curves of postmortem hepatic glycogenoly- 
per cent), but especfally at biopsy (6 I grams per sis of Cases 1 and 2 as presented m Table I and 

cent) The latter finding is all the more remark- Figure 1 varied greatly according to the tempera 

able as the biopsy speamen was taken after a long ture applied At 37° C , glycogen dissimilation 

ether anesthesia which is known to mobiliae glyco- proceeded constantly and rapidly and was almost 

gen from the liver (14), even m cases of pancrea- completed within 1 or 2 days At ice box tcm- 

togemc hypennsullnism (2) In contrast to Case perature, it proceeded much slower and more ir- 

2 m Wilder s patient the hver glycogen was lower r^larly after 6 days, about SO per cent of the 

dunng ether anesthesia (3 49 grams per cent) than glycogen was still present Since, as yet, the 

2)4 hours after death (8^ grams per cent) The wnter was unsuccessful m securing control figures 


TABUt I 

Gycoftn conitnl and ^stmortem t^j(Mtru}lys%s of variovi ttndiud tiuuoi 
(glycogen la grami per 100 gmni oi £re*h tissue) 
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88, and 78 tngm per cent, respectively, intensive vasom- 
otor response Three mgm. adrenalin intravenouslj did 
not arouse the patient from hj-poglycemic coma. Blood 
cholesterol was 185 mgra per cent The liver was not 
enlarged to palpation On x-ray examination a marked 
eles'ation of the right leaf of the diaphragm with corre- 
sponding compression atelectasis of the right lung was 
found 

Clvucal diagnosis Spontaneous hypoglycemia, presum- 
ably from a pancreabc adenoma. On October 17th, an 
exploratory laparotomy was done under spinal and ether 
anesthesia No pancreatic tumor ^vas discovered, the 
liver appeared to be normal, a biopsy was taken for 
chemical analysis Postoperatively, 4 times 75 grams of 
glucose were administered parcnterally without arousing 
the patient from unconsaousness Exitus next monung 
at 8 IS 

Autopsy (.started at 10 a m ) Massive fibroma on 
right top of the liver bulging the medial aspect of the 
right diaphragm, pancreas normal, no metastases any- 
where. No autopsy of the hrain was made. Histologi- 
cally, no glycogen was stored except in liver and muscles 
An msulin assay of the fibroma did not reveal any insulin. 

Chemical analyses 

Glycogen was determmed in various organs with 
Pflueger’s method as modified by Good, Kramer and 
Somogyi (6) The final estimation of glucose was made 
with Somogyi’s modification (7) of Shaffer and Hart- 
mann’s method (factor 0 927) Blood glycogen was 
estimated with van Creveld's method (8a) All figures 
are based on duplicate determinations Small pieces of 
tissue were put into dry ice immediately after the organs 
had been received at autopsy, » e , 24 minutes after death 
in case 1, and 2 hours and 40 mmutes after death m 
case 2 In the animal experiments performed for con- 
trol purposes, tissue pieces were put into dry ice 2 to 3 
minutes after death In both the human and animal 
expenments, unsliced pieces of one and the same liver 
lobe were preserved in a wet chamber, either at 37° C 
with toluene added to prevent bacterial growth, or at 
ice box temperature with no preservative added. The 
glycogen content was determmed at vanous intervals m 
the liver tissue m order to obtain time curves of post- 
mortem hepatic glycogenolysis In Table I, the figures 
observed in the 2 chnical cases of hypennsulmism arc 
listed in conjunction with correspondmg determmations 
in a fen cases of glj cogen disease reported in the litera- 
ture as n ell as in normal rats and a rabbit. Liver glyco- 
genolysis curves of the 3 categones are presented in 
Figures 1 and 2. 

In both clinical cases of hypennsulmism sliced liver 
specimens were suspended for 2 hours at 37° C m a 
phosphate-buffered salt solution at pH 74 (for technique 
sec Seckel (9a)) The followmg glycogen figures were 
observed m the liver slices Case 1 At start (60 min- 
utes after the liver n-as received) 1J37 grams per cent, 
after 60 mmutes 065 gram per cent, after 120 mmutes 
0J3 gram per cent. By addmg 1 per cent conjugated 


bile salts to the suspension solution, as has been done 
earlier with rat liver slices (Seckel, 9a), the 60 mmutes 
glycogenolysis was increased to 0396 gram per cent, 01 
per cent bile salt and 4 units of insulin per cc. of solution 
proved to be ineffective. Case 2 At start (60 mmutes 
after the liver was received) 30 grams per cent, after 
60 minutes 281 grams per cent, after 120 mmutes 185 
grams per cent 

Finally, the proportion of lyo- and desmo-glycogcn was 
determined in the two human livers by repeated extrac- 
bons with boilmg water according to Willstatter and 
Rohdewald’s method (10) Lrver pieces kept in the ice 
box for 6 days were used for this purpose. In Case 1, 
207 per cent of the total liver glycogen was found to 
be desmo-glycogen and 79.3 per cent to be lyo-glycogen 
In Case 2, the correspondmg figures were 14 4 and 85 6 
pier cent In a normal rat liver, IS and 82 per cent were 
found respecbvely (Experiment Number 129) In fresh 
geese livers, Willstatter and Rohdewald found 10 to 13 
and 87 to 90 per cent, respecbvely 

COMMENT 

In Clase 1, the blood glycogen figure was withm 
normal limits (average for normal children 129 
mgm per cent (8a) ) No glycogen was found in 
the mesenteric fat In Schonen's (11) expen- 
ments m young dogs fattened on " glycogen mast,” 
the fat contained up to 8 8 grams per cent glyco- 
gen Probably the patient’s heart was glycogen- 
free because of the delay m chemical examination 
The glycogen content of the rectus abdominis mus- 
cle (1 57 grams per cent) seems to be unusually 
high In view of the large amount of glucose 
administered to the patient, the hver-glycogen con- 
tent of 1 58 grams per cent appears to be rather 
low However, it is still considerably above the 
indirect estimations of human liver glycogen at the 
moment of a " chrome death ” as carried out by 
Popper and Wozasek (12a) and Burghard and 
Paffrath (13) (average of 065 gram per cent for 
“total carbohydrates”, for “glycogen” subtract 
0 23 gram per cent) Furthermore, this patient’s 
liver was filled with histologically glycogen-free 
metastabc nodules and was also invaded with tiny 
cell nests throughout those seemingly “ normal ” 
portions which were used for chemical examina- 
tion This not only accounts for the compara- 
tively low glycogen content of the organ but also 
for the gross aberrations of individual figures in 
the curve of hepabc glycogenolysis (Table I, ice 
box temperature, 6- and 18-hour samples) 

In Case 2, the liver fibroma was almost glycogen 
free on chemical analysis The glycogen content 
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■pitt. 2 . Tm* Cot™ or Postmoktem Hiya-hc Gi.ycocesoi.Y81s at Hoaiua. 

EitraiitianAL Animals 

— Intact t£«iie at 37 C Intact tiuiie at icc 

box temperature. — Pulped tissue at tee bem temperature. o = 

Cat (Evans «( ol at “room temperature”) = Goat (Bnr*hard and 
Paffrath) B ■» Macacus Rhesus (Bnrgbard and PaErath 17 C.) C » 
Rat (Nnmber 173 a. Table I) C’~Rat (Number 36. Table I) D = 
Guinen Pig (Popper and 'Wosas^ Number 3 sliced tissue, pbospbate buffer 
pH 6.9) E — Rabbit (Number 189 Table 1) F = Rabbit (Popper and 
Wosas^ Number 2 m the lower curve, the llvtr was Vtpt at 37 C lor 4 
hours before beliig transferred to ice box temperature phosphate buffer 
pH 65) 


(Figure 2 F) Mild hypoglycemia m spite of 
lugh hver-glycogen content was found in young 
dogs fed on “ glycogen mast ' (16) 

WSCtJESION 

There can be hardly any doubt that m the first 
case of spontaneous hypoglycemia we were deal- 
ing with a pancreatogemc hypennsultmsm origi- 
nating from a caremoma of the Langerhans islets 
■with msuhn producing metastases to the liver and 
other organs In Case 2, this pathology ■was 
dearly exduded thus leaving room for speetda- 
tion as to the nature of a spontaneous hypogly 
cenua assooated with a massive fibroma on top of 
the hver Most probably the anatomical localna 
bon of the hver tumor gives the due to a sabs 
factory explanabon The right side fibroma may 
ha'vc exerted an immediate pressure on the right 
splanchnic nerves and the nght celiac ganglion, 
thus blocking the sympathebc impulses to the liver 
Such impulses are known to mobilize glycogen 


from the hver either by direct nervous sbmulabon 
(e g piqure) or by mdirect sbmuh such as hypo- 
glycemia (17) or adrenaUn supply It the 
splanchnic nerves are cut in cats, a decrease in 
blood sugar and an mhihibon of glycogenolysis of 
surviving hver slices ensue (E'vans Tsai and 
Young (14)) This indicates a relabve prepon- 
derance of antagoiusbc impulses such as insuUn 
supply, I e relabve neurogenic hypennsulinism 

The following condusions may he drawn from 
the chemical mvesbgabons presented m the 2 cases 
of spontaneous hypoglycemia, the one most prob- 
ably due to pancreatogenic hypennsulmism the 
other possibly due to neurogemc hypennsulmum 

(1) More than normal amounts ol glycogen 
were accumulated in the hver and musdes , hypo- 
glycemia, therefore, was not due to lack of glyco- 
gen depots 

(2) Liver glycogen ■was not abnormally fixed as 
so-called desmo-glycogen therefore, hypoglycemia 
■was not caused m this manner 
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Fig 1 Time Curves of Postmortem Glycogenolysis of Various Diseased Tissues 

(cf Tabie I) 

Intact tissue at 37° C Intact tissue at ice box temperature. 

Pulped tissue at ice box temperature 1 = Lrver of Case 1, pancreatogenic hyper- 

msulmism 2 = Liver of Case 2, “ neurogenic ” hypermsulimsm (dotted Ime between biopsy and 
autopsy) P = Liver of Popper and Wozasek’s msulm-treated mfant with diarrhea (sliced 
tissue, phosphate buffer, pH 6 9) S — Lrver of Schoenheimer-von Gierke’s case of glycogen 
disease. U = Liver of Unshelm’s case of ’glycogen disease. C — Heart of van Creveld’s case 
of glycogen disease. H, H' — Heart and liver, respectively, of Hertz’ case of glycogen disease. 
N = Liver of Neuteboom’s operated rabbit (see text) 


of normal human hvers obtained 2% hours after 
death and no such figures have been published m 
the hterature, we entirely depend upon the higher 
expenmental animals for normal controls of post- 
mortem hepatic glycogenolysis Two expenments 
earned out in normal rats and one in a glucose- 
fattened rabbit are recorded m Table I and Figure 
2 Moreover, experiments made m cats (14), in 
a goat and a macacus rhesus (13), and in guinea 
pigs and rabbits (12b) are presented in Figure 
2 ® In companson with these animal expenments, 
postmortem glycogenolysis in human hypermsu- 
linism, as observed at 37° C , proceeded at a simi- 
lar rate in (3ase 1 and apparently somewhat slower 
in Case 2, at ice box temperature it held a middle 
course between the imnous animals’ curves 

By mechanical trauma, such as shemg of the tis- 
sue, postmortem glycogenolysis was accelerated m 

« Phosphate ions increase hepatic glycogenolysis (Fig- 
ure 2, D, F) 


the 2 chnical cases This corresponds to similar 
observations in animal experiments, including the 
wnter’s own The same is true of the increase in 
Case 1 of postmortem hepatic glycogenolysis by 
addmg highly concentrated bile salts to the sus- 
pended liver slices The proportion of lyo- and 
desmo-glycogen m the 2 human hvers was also 
approximately the same as in animal controls 
As IS shown in the experiment made in the 
glucose-fattened rabbit (Table I, Figure 2), high 
hver-glycogen content does not in itself inhibit 
postmortem glycogenolysis This was demon- 
strated earlier by Kimmelstiel (15) in a dog put 
on “ glycogen mast " whose hver glycogen disap- 
peared completely at ice box temperature within 
5 days after death Less active, though distinct 
glycogenolysis was found by Popper and Wozasek 
(12b) in rabbits’ livers nch in glycogen which 
were placed m the ice box either directly after 
death or following a 4-hour mcubation at 37° C 



GLYCOCEKOLYSIS IN HYPERINSNUNIBM 


729 


fajtmg ketonuna, high blood glycogen, hyper- 
cholestennemia, and increased basal metabohsm 
(30b) 

From the observations presented in this paper 
we arrive at the conclusion that pancreatogenic 
(as well as therapeutic) hypennsulimsra is not 
identical with typical glycogen disease and, con- 
sequently, that typical glycogen disease cannot 
possibly onginate from pancreatogenic hypenn 
suhmsm alone. 

This does not mean to say that a certain degree 
of pancreatogemc hyperlnsulmism in conjunction 
with other endocrine disturbances could not play 
a part m the pathogenesis of glycogen disease. 
There are, for instance, 3 autopsy reports in the 
hterature concerning partial enlargement and 
abundance of the Langerhans islets m von 
Gierke's Disease ((IS, 31) and Krakower's Case 1 
(32) ) Famihal relations to diabetes melhtus are 
mentioned m 3 cases ((21), Hamapps Case 2 
(30a), Elhs Case 1 (33)) Furthermore, the 
opimon has been offered that the insuhn treated 
cases of puerile diabetes resulting in hepato- 
m^aly, obesity, and retardation of growth may 
represent a transition from diabetes into sec- 
ondary glycogen disease (34) Conversely, Par- 
nas and Wagners (3) case of glycogen dis- 
ease turned into diabetes melhtus at the age of 16 
On the other hand, the patient of Worster- 
Droughda (4b) appeared to be almost completely 
cured after puberty These puberty changes 
occurrmg in glycogen disease, put together with 
the chmcal and pathological reports of insular, 
thyrogemc, hypophyseal and adrenal ‘ disturb- 
ances seem to point to a pluriglandular disbalance 
with an ovcrfunction of tlie insulin apparatus as 
to the most probable pathogenesis of glycogen 
disease. 

Fmally, the question anses whether glycogen 
disease may not be an example of neurogemc 
hypennsuhmsm This opmion has lately been 
advanced by Neuteboom (35) He distinguished 
2 "pure types of primary hepatomegalia glyco- 
gemca. ’ The ffrst type is represented by typical 
glycogen disease of the von Gierke van Creveld 
descnption, consisting of a hypofunction of the 

*In 1 » w(n> expemnents with cortiial extract, the 
writer recently ftrand a tnarked mhlbitkm (up to 80 per 
cent) of the glycogenolysli of surviving rat liver slices. 
(To be published m " Endocrinology " 15^19 ) 


mjured nerve tissue” (sympathetic pathways) 
with consequent " relatrve hypennsulmism ’ and 
‘ msufEctency of the contrainsular system ” For 
this type, no satisfactory expenmental evidence 
was provided by Neuteboom The observations 
made m Case 2 of this report seem to furnish 
arguments against the supposed idenbty of giy- 
cogen disease with this type of neurogemc hyper 
insulmism. In sharp contrast to the first type, 
the second type of so-calied glycogen disease con 
sists of a ‘hyperfunction of the mjured nerve 
tissue ’ with a consequent “ real reactive hyper- 
insuhnism ” For this type, Neuteboom has 
offered chmcal and expenmental examples Chn 
ically, he presented a boy of 13 who early m life 
had twice suffered undefined mjunes Later, the 
hver became moderately enlarged On the mere 
basis of a histological exarmnation of a hver 
biopsy the diagnosis of glycogen disease was made 
(no glycogenolysis test 1) Expenmentally, spmal 
mjunes were induced on a young rabbit by in 
troducmg platmum plates between the left I and 
II and the right V and VI thoraacal segments. 
During hfe, the rabbit presented a picture m many 
respects sitmlar to that of the boy , the hver and 
heart were enlarged and the blood glycogen was 
high However such fundamental symptoms as 
hypoglycemia, ketonuna, hypercholestennemia, 
missmg adrenahn response, and insuhn sensitivity 
were absent or reversed m both the boy and the 
rabbit. After death, the anunal’s hver and heart 
were 30 and 40 per cent oversize respecbvely 
Lrver glycogen examined 5 hours after death was 
559 grains per cent (control rabbit 2.25) the 
heart was not nch m glycogen Postmortem 
hepabc glycogenolysis esbmated only from 5 to 
26 hours after death, was about as acbve as In our 
pabent. Case 2, with possible neurogenic hyjier- 
insulmisra (Table I Figure 1) Most mtereabng 
as these observabons may be, they apparently do 
not jusbfy the idenbficabon of cither type of 
neurogemc hypennsulmism with typical von 
Gierke's glycogen disease. 

SOTIUAKY 

In 2 adult cases of spontaneous hypoglycemia, 
the one probably due to jiancreatogemc hyper- 
insuhnism (Case 1 caranoma of the Langerhans 
islets with hver metastases) the other jxissibly due 
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(3) High hver-glycogen content does not lead 
by Itself to such an inhibition of hepatic glyco- 
genolysis as to produce severe seizures of spon- 
taneous hypoglycemia 

(4) Postmortem hepatic glycogenolysis was 
proceeding at an almost normal or only slightly 
retarded rate , the glycogenolytic enzyme was 
therefore active on the hvers’ own glycogen 

(5) Reactions of postmortem hepatic glyco- 
genolysis to varying temperature, mechamcal insult 
and high bile-salt concentration were also normal 

(6) Chmcally, nevertheless, liver and muscle 
glycogen depots were mobilized with difficulty 
through the normal stimuli such jls severe hypo- 
glycemia, adrenahn injections and, m Case 2, pos- 
sibly also ether 

These observations made in 2 cases of hyper- 
insulmism are in good agreement with what is 
knoivn of insulin physiology According to this 
knowledge, one essential action of insulin on the 
living tissue, espeaally hver and muscle, consists 
of an inhibition of the glycogenolytic enzyme re- 
sulting m accumulation and fixation of glycogen 
In animal expenments, vanous insuhn doses, when 
added in vitro, were able to inhibit postmortem 
glycogenolysis of normal hver slices (9b) and 
muscle extracts (18) In the postmortem spea- 
mens of the 2 patients' livers such inhibition was 
present only to a limited degree Otherwise, 
in human pathology, only modest inhibitions of 
postmortem hepatic glycogenolysis have also been 
observed in insulin-treated cases of infantile ali- 
mentary intoxication (Figure 1, P), of diabetes 
mellitus, and schizophrenia (12b, c) In diabetic 
children injected with insulm for several months 
or years, a syndrome of enlarged abdomen, hepa- 
tomegaly, obesity, and retardation of growth has 
been descnbed by Maunac ( 19) and other French 
•writers (8b) 

If the chnical and chemical pathology of spon- 
taneous hypoglyceima due to pancreatogemc hy- 
pennsulimsm is compared -with von Gierke’s gly- 
cogen disease, there are a number of stnkmg simi- 
lanties to be observed m the two pictures Severe 
spontaneous hypogljcemia, glycogen accumulation 
in hver and muscles, and lack of blood sugar re- 
sponse to adrenalm mjection are the chief among 
them A minor common feature seems to be the 
stimulation of hepatic glycogenolysis by high bile- 


salt concentrations such as has been demonstrated 
in vitro in Case 1 (c/ Seckel, 9a) and may also 
occur in vivo in glycogen disease when jaundice 
coinades with the disorder (20, 21, 22), or bile 
aads are given by mouth to such children (23) 
On the other hand, there are outstanding dif- 
ferences between the two diseases First of all, 
hver glycogen accumulation is more spectacular 
in glycogen disease than in hypennsuhmsm lead- 
ing, as it does, to a tumorous enlargement of the 
organ Furthermore, organs other than the liver 
are often involved in glycogen disease, e g heart 
and kidneys However, accumulation of gly- 
cogen as such IS by no means pathognomomc of 
glycogen disease Similar or even larger amounts 
of a-vailable glycogen may be stored in the hver 
— to a far lesser degree in other organs — as a 
result of simple dietary measures (18 to 224 
grams per cent in dogs (11, 16, 24) , cf rabbits. 
Figure 2) or continuous intravenous glucose in- 
fusions (upper limit in dogs 22 grams per cent 
(25)) The fundamental pathology of glycogen 
disease is rather the almost complete inhibition of 
postmortem glycogenolysis of the organs affected 
For a week or longer, practically no glycogen 
disappears from the organs, both at 37° C in an 
intact state (8, 26) and at ice box temperature 
in an intact as well as a pulped state (27, 28, 
Table 1, Figure 1) Only in Hertz’ (28) case 
of a young baby, heart and hver showed a rather 
active postmortem glycogenolysis when pulped 
and suspended m a phosphate buffer at pH 69 
and 37° C for 1 or 2 days The active post- 
mortem glycogenolysis in the intact hver and 
muscles of Karlstroem’s (29) baby (Case 1) in- 
dicates, along 'With an incomplete chemical picture, 
the presence of either an undeveloped stage or 
an atypical -vanety of glycogen disease {cf Karl- 
stroem’s Case 2) In typical, fully-developed 
cases of glycogen disease, under natural arcum- 
stances, the glycogenolytic enzyme does not act 
after death on the tissues’ o-wn glycogen This 
fimdamental charactenstic of glycogen disease 
has been sho-wn to be missing m pancreatogemc 
hypennsuhmsm Here, certainly, we are deahng 
wth the mam distmgmshing feature between the 
two diseases Other specific symptoms of gly- 
cogen disease are the absence or rareness of hypo- 
glycemic seizures, high insulm sensitrvity, constant 



aLyCOGENOL\SrS in hyferinsulinism 


731 


30, Haniapp G O,, (a) Zur KllnBc der HtpatoovegaUcn 
n»t Kohlchydratstoffwechselrtoningcn. I Glyko- 
gcnspcichcrunffjkrankhdt Mcraatiichr f IGn 
derh,, 3936 66, 169, (b) Idem. Ill Differential 
dlagnotc und Palhogcneie der Glykogcntpclche- 
nmgBkrankhdt, Ibid., 1936, 66, 194 
31 Esscr, M., and Sdiddcgger, S., GlykogcnkranUidt. 
Beobachttmg elnes Falle*. Schweir. lied, Wchn 
*chr„ 1937 18, 970 


32, Krakowtr C, The hpoid iactor in giycogcn rtorage 
discaic. J Pcdiat 1936 9 728. 

33 Ellis R, W B., Extreme hepatomegaly in an mfant 

Proc. Roy Soc, Med, 1933 27, 118 

34 GJunc, dted by Crcveld (8b) 

35 Ncutebootn, J J (a) Bijdragc tot de kennis der 

hcpatomcgalia glycogenica, W D Meincma, The 
sis Utrecht, Holland, 1937 (b) Zur Kcnntnls der 
Glykogtnkrankheit. Klin Wdinschr,, 1938 17, 
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to neurogenic hj'pennsulmism (Gise 2 massive 
fibroma on nght top of the h\cr), there has been 
demonstrated a comparatively high liver and 
muscle gljcogcn content and an approximately 
normal or only slightly decreased postmortem 
hepatic gl> cogenol> SIS 

Since tj-pical cases of glj cogen disease are 
charactenzed by an abundance of glycogen ac- 
cumulated m the liver and other organs and an 
almost complete inhibibon of postmortem glyco- 
genolysis in those organs, neither form of hyper- 
msuhnism is identical v\ ith typical glycogen disease 
and, consequently, typical glycogen disease cannot 
originate from either form of hypennsuhnisra 
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Investigations concerning the level of iodine m 
the blood have been an aid in the better under 
standing of the metabolism of iodine in normal 
Individuals and m patients with goiter Eicpen- 
mental studies have established a relation between 
the thyroid gland and the metabolism of iodine. 
Qimcal observations have shown that the abnor- 
mal physiological processes manifest In exoph- 
thalmic goiter may be alleviated by effecting transi 
tory involution of the hyperplastic thyroid tissue 
with iodine medication and subtotal resection of 
the thyroid gland It Is generally agreed that 
clinical hyperthyroidism is associated with the 
release of abnormal amounts of iodine from the 
thyroid In this connection, the affinity of the 
thyroid gland for iodine, together with the capaaty 
of thyroid tissue to synthesize organic iodine com 
pounds, plays an important role. Based on the 
foregoing, the quantitative estimation of the or- 
ganic iodine in blood should be a closer index of 
the amount of thyroid secretion than assumptions 
based on total blood iodine analyses The pur- 
pose of the present communication is to report the 
results of a study of the fractionation of the iodine 
in the blood in cases of nontoxic goiter exoph 
thalmic goiter and pnmary myxedema 

The quantitative estimation of the iodine in the 
blood is not a simple procedure. The additional 
techmc of fractionating the blood iodine adds 
greater complexity A sadsfactoty method of 
fractionation should be accurate to the degree that 
the sum of the iodine analyses of the two frac 
tions should equal the iodine analysis of an aliquot 
amount of untreated whole blood In addition, 
it IS important to know approximately the chemi- 
cal nature of the iodine recovered m each of the 
fractions The limits of the method of blood 
iodine fractionation can best be estimated by add- 
ing specific forms of lodme to blood and deter- 
mining in which fraction the iodine is recovered. 

In this present study an alcohol preapitation 


method was used for fractionating the iodine of 
the blood The procedure was as follows 20 cc. 
of blood IS secured by venous puncture, 10 cc. 
of this blood IS placed in a clean dry test tube 
for total iodine analysis, the remaimng 10 cc. of 
blood IS placed in a test tube containing a suffi- 
aent amount of iodine free sodium oxalate to 
prevent clotting The sample of oxalated blood 
IS added directly to 10 volumes of ethyl alcohol 
The precipitate is separated from the alcohol blood 
mixture by filtenng through a Whatman (Number 
5) filter paper The residue m the filter paper is 
washed 3 times with alcohol, using IS cc. each 
time. The filter paper contammg the precipitate 
(the so-called orgamc iodine fraction) is placed 
directly in a mckel cruable for iodine analysis 
(1) The filtrate (the so-called morganic iodine 
fraction) is evaporated to dryness and transferred 
to a nickel cruable for iodine analysis By exer- 
asing care to avoid contamination and loss of 
iodine (2) m the above procedure, the sum of 
iodine analyses of the 2 fractions should equal 
the iodine analysis of the sample of untreated 
blood 

The adequacy of the above method m fraction- 
ating the iodine of the blood was determmed in 
the following manner A supply of oxalated beef 
blood was secured from the abattoir Six sam 
pies of 10 cc each of this blood were used for 
total blood iodine analysis To an additional 5 
samples (10 cc. each), 3 8 micrograms of iodine 
m an organic form were added and total iodine 
analysis was earned out These estimations con- 
stituted the control results for the fracbonal analy- 
ses Five samples (10 cc. each) were fractionated 
accordmg to the procedure outlmed above. To an 
additional 5 samples, 3 8 raicrograms of iodine in 
an organic form were added and, after mixing, 
these bloods were fractionated for their iodine 
content To another 5 samples of 10 cc each of 
blood, 2 5 micrograms of lodme as inorgamc 
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iodine was nearly tw ice tliat of the nontoxic goiter 
group, being 100 niicrograms per cent There 
appeared to be no correlation between the increase 
in the organic blood iodine and the elevation in 
metabolism in individual cases The proportion 
of organie to inorgamc iodine m the toxic goiter 
group was approximately the same as that found 
in the nontoxic goiter group In the exophthal- 
mic goiter group wliicli liad received iodine the 
orgamc blood iodine was 8 1 micrograms per 
cent This value was less than tliat found in the 
exophthalmic goiter group not rcceinng iodine. 
In individual cases tlie decrease in organic blood 
iodine was not found to be proportional to the 
decrease in metabolism or the clinical improve 
ment The total blood iodine of the toxic goiter 
group reccinng iodine was considerably elevated 
but the additional iodine was present in an in- 
orgamc form In the nontoxic goiter group in 
which iodine was given, the organic iodine in the 
blood was greater than that of the nontoxic goiter 
cases in wlucli iodine was not gisen There ap- 
peared to be a similanty in the results of the toxic 
goiter group and the nontoxic goiter group, both 
of whom had received iodine. The average or 
game blood iodine of the myxedema cases was 2 5 
micrograms per cent This value ivas only one- 
half that of the nontoxic goiter group and one 
quarter that of the cases of exophthalmic goiter 
The inorgamc blood iodine in the myxedema 
group was proportionately greater tlmn in the 
other groups not receiving iodine The results 
are shown graphically in the accompanying chart 
Attention is now directed to the interpretation 
of the above results It is conceded that thyroid 
tissue has a particular affinity for lodme. In this 
connection, iodine absorbed from the intestinal 
tract, chiefly m an inorganic form, is retamed and 
synthesized into speafic iodine compounds within 
the thyroid gland These iodine products se 
creted mto the arculatory system presumably in- 
fluence the rate of metabohsm Evidence favor 
mg such a view lies in the fact that inorgamc 
lodme medication (potassium iodide and Lugol s 
solution) IS ineffective m increasing the oxygen 
consumption of athyroid individuals or of those 
m whom the thyroid gland has atrophied In 
keeping with this tlieoiy the orgamc blood lodme 
level m the above group of myxedema cases was 
low the relative increase m the inorgamc blood 


iodine of these cases suggests an inability of the 
thyroid gland to synthesize iodine into an orgamc 
form It IS interesting to note that reports m 
the htcrature have indicated that the total blood 
iodine IS low m cases of myxedema (3, 4) This 
13 not however, of diagnostic sigmficance due to 
overlapping with the range of that found m 
normals Estimation of the orgamc blood iodine 
may prove to be of greater value in the diagnosis 
of tliyroid insufficiency 

In cases of exophthalmic goiter, an association 
would appear to exist between the loss of colloid 
and iodine from the thyroid gland and the in- 
crease m the blood iodine level and unnary ex- 
cretion of iodine Tins correlation has been 
offered as evidence that a true hyperthyroidism 
exists in cases of exophthalmic goiter (5) If 
the increase in blood lodme derives from the 
tliyroid gland, tlicre should be a relative increase 
in the organic iodine in the blood The present 
results lend themselves to such a view smee the 
orgamc blood iodine in the cases of exophtlialmic 
goiter was twice tliat found m cases of nontoxic 
goiter and 4 times that present in cases of myxe- 
dema Since no correlation was evident between 
the level of orgamc blood iodine and the basal 
metabohe rate, one should bear m mind the pos- 
sibility that the increase in metabohsm may be 
associated with the liberation or synthesis of or- 
ganic iodine compounds not necessanly formed 
within the thyroid gland Mention should also be 
made of the fact that these results are the average 
values based on a group study and are not neces- 
sanly applicable to individual cases The pres- 
ence of an elevated or normal orgamc blood iodine 
was related to the duration of symptoms m these 
cases of exophthalmic goiter The relationship 
has previously been estabhshed for the total blood 
iodine (6) 

A regression of the signs and symptoms in pa 
tients with hyperthyroidism on iodine treatment 
(that IS 10 muums Lugol’s solution 3 times daily) 

IS an estabhshed fact The dmical improvement 
IS assoaated with an involution of the acinar 
elements of the thyroid gland This histological 
change has been regarded as evidence of a re- 
duction in the secretory capacity of the thyroid 
In connection with this view Holst Lunde, Qoss 
and Pederson (7) and Lunde, Qoss and Peder- 
son (8) reported that lodme mid m casesy 

At t 
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iodide were added and, after mixing, the bloods 
were fractionated The results of analysis of 
the abo^e procedures are shown in Table I 


TABLE I 



Averace 

total 

blood 

Iodine 

Averace 

orcanic 

blood 

Iodine 

Average 

Inorganic 

blood 

iodine 


jTJtcro- 

mtCTO^ 

mtcro~ 


tramx 

trams 

crams 

10 cc of blood 

085 



10 cc of blood +2 8 micrograms 




of organic lodme* 

4 62 



10 cc. of blood 


0 82 

0 12 

10 cc of blood -1-3 8 micrograms 




of organic iodine* 


4 46 

0 24 

10 cc. of blood -1-2 5 micrograms 




of inorganic lodinct 


084 

2 65 


• Thyroid proteose was used 
t Potassium iodide was used 


As Will be seen from Table I, the average total 
blood iodine analysis w'as 0 85 micrograms per 
10 cc The actual error was ± 0 12 micrograms 
The recovery of iodine tvas satisfactory m the 
samples of blood to which 3 8 micrograms of or- 
ganic iodine were added In the fractionation of 
the whole blood, the organic iodine result was 0 82 
micrograms per 10 cc and the inorganic iodine, 
0 12 micrograms Although the sum of these 2 
fractions exceeds the total iodine analysis of 0 85 
micrograms, the results are still within the limits 
of actual error In the fractionation of the blood 
samples to which the organic iodine compound 
was added, the recoveiy of iodine ^vas almost 
complete m the organic blood iodine fraction 
The slight increase in the inorganic fraction (0^4 
micrograms) was attnbuted to a small amount of 
inorganic iodine present in the thyroid proteose 
In the fractionation of the blood samples to which 
the inorganic iodine was added, the additional 
iodine was quantitati\ ely recovered in the inor- 
ganic blood iodine fraction 

The organic iodine compound used in the above 
experiments was a proteose made from human 
thiroid tissue by Dr W T Salter, Harvard 
Medical School, Boston, Massachusetts This 
thyroid proteose has a molecular weight of ap- 
proximately 7000 Thyroxine (molecular weight 
of 777), when placed in solution and added directly 
to blood cannot be completely reco\ered m the 
organic fraction by the abo\e methods Thus it 
w ould appear that the alcohol preapitation method 


used m fractionating the iodine of the blood ^vas 
only capable of recovenng in tlie so-called organic 
fraction iodine compounds wath a molecular 
w'cight of 7000 and greater The foregoing data 
are considered to estabbsh the accuracy and the 
limitations of the method used in the present 
study of the fractionation of the iodine in the 
blood 

Fractional analysis of the blood iodine has been 
earned out on 218 individual patients The cases 
have been divided into groups dependent upon 
the degree of thyroid acbvity as clinically esti- 
mated The cases included 65 patients wth non- 
toxic adenomatous goiter (normal), 98 patients 
with exophthalmic goiter who had never received 
any iodine medication, 38 patients wnth exoph- 
thalmic goiter who had received iodine for some 
time (at least a month) up to 24 hours pnor to 
the blood iodine analysis, 7 patients with non- 
toxic goiter w’ho had likeivise received iodine, and 
10 patients with vmtreated pnmary myxedema 
Total blood iodine analyses and fractional blood 
iodine analyses were earned out m each case 
The average blood iodine results of each group 
of cases are shown in Table 11 


TABLE n 


1 

Average 

total 

blood 

Iodine 

Average 
organic ' 
blood 
Iodine , 

Average 

inorganic 

blood 

iodine 

Nontoxic goiter 

micrograms 
Per cent 

microgramr' 
per cent 

mtcrograms 
per cent 

(no iodine) 

Exophthalimc goiter 

80 

53 

32 

(no iodine) 

Exophthalmic goiter 

16 3 

10 0 

65 

(on iodine) 

Nontoxic goiter 

19 4 

8 1 

10 8 

(on iodine) 

17 1 

87 

82 

Primary myxedema 

5 7 

25 

1 

3 1 


As -will be seen from Table II, of the total 
blood iodine of 8 0 micrograms per cent of the 
nontoxic goiter group, 5 3 micrograms of iodine 
were present as organic iodine ^ The difference 
obtained by actual iodine estimation, amounting 
to 32 micrograms per cent, was inorganic iodine 
In the group of patients with exophthalmic goiter 
which had not received iodine, the organic blood 

The term organic blood iodine used throughout desig- 
nates the iodine recovered in the alcohol insoluble frac- 
tion (see method) 
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clinical Improvement of the patient The effect 
of iodine treatment on the organic blood iodine 
may well be influenced by the time the blood 
analysis tvas done m relation to the last dose of 
iodine received and to the length of time iodine 
was admimstered Different results with diverse 
interpretations rmght have been secured had tlic 
blood for analjsis been taken at a different time. 
However, with these reservations m mind, one 
may state that under certain conditions, iodine 
medication in cases of exophthalmic goiter results 
m a decrease in the organic iodine of the blood 
Insofar as this organic blood iodine fraction com 
prises the products of thyroid secretion it would 
appear that iodine medication in cases of hyper- 
tfij-roidism decreases the amount of lodme 
secreted by the thyroid gland 

In patients with nontoxic goiter without signs 
or symptoms of hyperthyroidism, but who were 
receiving iodine, the finding of an elevated organic 
blood iodine is difficult to explain The results 
indicate that apparently normal individuals, if 
given iodine, may shois an increase in the or- 
gamc iodine of the blood This observation sug- 
gests an explanation of the inabibty of iodine 
therapy to control completely the signs and 
symptoms of chnical hyperthyroidism. 

SUMMARY 

A A method for the fractionation of the iodine 
of the blood has been desenbed the hmita- 
tions of the method have been established 
B Compared with the normal, 

1 A decrease m the level of the orgamc iodine 
of the blood was found in patients wnth primary 
myxedema. 

2 Patients with exophthalmic goiter who had 
not received lodme therapy were found to have 


an mcreasc in the level of orgamc iodine m the 
blood. 

3 A relative decrease in orgamc blood iodine 
was found in patients with exophthalmic goiter 
follow mg lodme medication. 

4 Patients with nontoxic goiter receiving 
iodine shoived a relative increase m the orgamc 
lodme of the blood. 
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/©cases 65'c«'5<rs SBcascs 36 coses P' cases 

Fic, 1 The Relation of the Organic and Inorganic Iodine of the Blood to the 

Total Blood Iodine 

of h}-pcrth}TOidism results m a decrease m the Trevorrow (10) on the nature of the iodine in 
organic blood iodine They presented evidence blood are of interest Our results (see Table II) 
that the organic blood iodine decreased to normal showed that the average organic blood iodine of 
proportionately wath the basal metabohc rate patients with exophthalmic goiter receiving iodine 
Using a method of alcohol preapitabon followed was less than in patients not receiving iodine 
bj Soxhlet extraction, it ^vas their opmion that These results, however, can only be interpreted 
the organic blood iodine fraction contained the as a general pnnaple denved from a group study 
acti\e pnnaple of the th>TOid gland Dodds, Individually, exophthalmic goiter cases, not hav- 
La\\son and Robertson (9), using similar meth- ing had iodine, have been noted wth a normal or 
ods of stud) were unable to confirm these ob- even a subnormal orgamc blood iodine Iodine 
seivations Relab\e to the aforementioned treatment in these cases may result in an increase 
studies, the recent experimental observations of m the orgamc blood iodine assoaated with a 
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Previous investigators (1, 2 3, 4 S) have 
shoivn that a high scnim cholesterol is commonly 
found in patients presenting the classical symp- 
toms of myitedema There has been a difference 
of opinion (6), however, as to whether high chol 
esterol mvanably occurred and as to whether It 
was a sufficiently fundamental part of the syn 
drome to be of value in weeding out the atypical 
forms of hypothyroidism from the complex group 
of pahents vnth low basal metabolic rates and 
such symptoms ns retardation weakness, easy fa 
tigability sensitivity to cold falling hair, dry skin, 
obesity, etc Certain authors, and particularly 
Huncthal have concluded tliat the level of cholcs 
terol constitutes a valuable index of the degree of 
frypatfrynjrdrsm, uftde athecs (P, 8 9 20) fine 
found it unreliable and not an essential part of 
the syndrome. A contnbuting factor to this dis 
agreement has been the difference in methods 
employed 

The basal metabolic rate has not proved to be 
an infallible entenon of hypothyroidism For 
example it may be low without the syndrome of 
sensitivity to cold, edema, dry skin and coarse 
hair, or the patient may be so tense and exatable 
that relaxation essential to the measurement of 
the true basal metabolic rate is impossible. 

The present investigation was undertaken to 
study whether or not the levels of serum choles 
terol, fatty aads and phosphatides might furnish 
accurate entena of thyroid defiaency and of the 
value of admimstenng dessicated thyroid A sec 
ond purpose was to evaluate the effect of admin- 
istering thyroid at the height of lipemia. Dis- 
orders in protein metabolism have been also de 
scribed as occurring in myxedema but the appar 
ent changes m serum proteins may well have been 
compensatory responses to the disturbance m 
water metabohsm In order to obtain further 
insight into this problem serum proteins and 

'This work was aided in part by a erant from the 
Knight Fund, Yale University School ot Medicine. 


albumin and globulin fractions have been also 
investigated in these patients 

materials and methods 

In order to evaluate the signidcance of the level 
of lipoids m myxedema as many as possible of 
the entena of hypothyroidism have been utilired 
in the study of each patient These entena have 
been outlined Under the categones of cluneal 
symptoms, basal metabolic rate, height of serum 
total proteins as contrasted with serum cholesterol 
and other lipoids and proteins 

The following clinical synifitomj have been con- 
sidered tndtcaitve of hypothyroidism Of first 
tmportsnce im the presence of edema, usually be- 
ginning as puffiness about the eyes Dry skin 
and coarse dry hair assoaated with scanty eye- 
brows general slowness of motor and mental ac- 
tivities, or more bnefly retardation, and slow pulse 
have been considered sigmficant Subjective 
symptoms have as always, proved difficult to 
evaluate Sensitiveness to cold, complaints of 
easy fatigability and general weakness have been 
particularly considered 

A based metabolic rate below minus 20 per cent 
has been accepted as an essential entenon of clas 
steal myxedema It has been recogmred, however, 
that occasionally patients with clinical signs of 
myxedema that disappear promptly under thyroid 
therapy may not have such low basal metabohe 
rates 

Frcvtoiis work has shown that serum proteins 
may be elevated in hypothyfoidisni Values of 
7 7 per cent (11) or higher have been considered 
as suggestive of hypothyroidism 

Cholesterol has been accepted as significantly 
above the normal limits for the method when the 
level was 300 mgm per cent or more This high 
figure has been chosen instead of 2S0 mgm per 
cent, the upper lunit for the majority of people 
in good Jiealth, because 5 out of 100 of these nor- 
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TABLE IV 

Paitcnls wtih hw haxal metabcUc rtxUs tnih vtaknest and mulupte compioinls, not improved hy thyroid adminuiraiu>n 
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Fia I Basal Metabouc Rate and Sekuu Cholesthol as Indicators of 
S tiBSEQUiNT Thyroid Therapy 

Circles bdicatc value* m patients before treatment who improved oo thyroid 
thcrajy 

Crosses radicate values in patients before treatment who did not improve on 
thrroid therapy 


metabolic rates Two were moderately obese 
(A6147, 58434) Two had had previous thy- 
roidectomies Thar initial basals, with the ex- 
ception of P1603 ranged from minus 10 to minus 
19 per cent They cxpcnenccd no, or only slight. 


subjective improvement with thyroid admmistra- 
bon 

The following figures have been employed to 
demonstrate relationships which could not be 
rcadfly illustrated in tables Figure 1 shows the 
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Only 5, 54183, P1536, A78256, 1, and 85071 had 
basal metabolic rates below minus 20 per cent 
Patient A39091 had h}-pertensne cardiovascular 
disease with decompensation, thereby making the 
results ol basal metabolic rate determinations of 
uncertain clinical significance Furthermore, on 
account of the cardiac condition the thyroid ther- 
apy was not pushed to the point of complete 
disappearance of symptoms attributable to hypo- 
thyroidism Patient A67142 had had an acute 
nephritis following picnc aad treatment of severe 
sunburn at about the time symptoms of hyper- 
thyroidism were noted The nephritis cleared up 
partially and he did well after thyroidectomy until 
3 months later when the symptoms of myxedema, 
noted in Table II, appeared At this time some 
of the edema and weakness might have been due 
to the chronic nephntis w'hich persisted Patient 
1536 also had a mild chrome nephritis probably 
secondary to a former chrome pyelitis All of 
the 11 patients in this group were reheved of 
most of the symptoms attnbuted to hypothyroid- 
ism by Yz to 2% grains of thyroid daily One, 
85071, was extremely slow in recovenng on thy- 


roid therapy This patient, a woman, was a poor 
informant of low intelligence who also had mild 
diabetes Such complaints as weakness, pains and 
aches, mental and physical retardation, were diffi- 
cult to evaluate She obtained some relief on 
thyroid therapy A subsequent course on placebos 
gave similar results More recently, however, a 
longer penod of thyroid therapy resulted in more 
convincing evidence of increasing strength, motor 
speed, and general improvement 

Group 3, Table III, includes patients with only 
some symptoms suggesting myxedema, but with 
basal metabolic rates below minus 20 per cent 
The analysis of the symptoms reveals, however, 
that none had edema, that changes m the skin 
were absent or moderate m degree, and tliat only 
one complained of sensitivity to cold The ad- 
mimstration of thyroid produced little improve- 
ment in these patients, even when the daily dose 
was 4 or 5 grains 

In Table IV are 6 patients who suffered from 
a miscellaneous vanety of symptoms but they all 
had m common incapaatating weakness and mul- 
tiple pains and aches Some had low basal 


TABLE m 


Patienls with based melaboUc rales below minus 20 per cent and a few symptoms suggestive of myxedema, 

not improved by thyroid administration 
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mg tliat the conccntrahon of serum cholesterol JS none of the patients m Table HI liad cholesterols 
related to the activity of thyroid substance in the that were as high as those in I and II In fact 

body The ultimate conclusion ivas that the pa- all of the cholesterols were under 259 mgm. per 

tients in groups I and II had hypothyroidism cent, with the single exception, P1667, whose 
because the therapeutic responses both as to cholesterol was 300 mgm per cent 
physical signs and cholesterol effect were marked, A comparison of the patients m Table IV with 
although the basal metabobe rates were not always those in I and II shows again, although less 
very low before treatment strikingly, that the presence of a low basal meta- 

The patients in Tabic HI were suspected of bohe rate and some of the symptoms attnbuted 

having hypothyroidism because the basal metabobe to hypothyroidism does not indicate tliat the 
rates were definitely below minus 20 per cent and symptoms will necessarily be rebeved by thyroid 
assoaated with a number of symptoms of hypo admimstrafion It is also apparent that these pa- 
tliyroidism They did not respond, however, to Pents bkc those m Table HI have much lower 
treatment with thyroid and m this respect differed cholesterols and also lower proteins 
from the patients in Tables I and II A com These data indicate that the effects of ad- 
panson of the 3 tables also demonstrates that mimstenng thyroid can be foretold more accu- 



A 45359 

Fia 5 Relative Cbakges in Basal Uetabouc Rate, Weicut Ei*ma. Shum CHcaxsissot akp P*o- 

TEiirs OF A4S359 

Thyroid dosage indicated by solid blsck block gaps, no thyroid narrow bloek, grains 1 wide, grains 134 
per day 
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Cholesterol - mq per cent 

Fic 4 Comparisons of Serum Fatty Acids and Cholesterol in 214 Studies on 29 Patients 

m 2 While these changes were taking place the weakness, and sensitivity to cold, were frequently 
scrum cholesterols fell from the abnormally high not marked enough to be helpful in diagnosis 
initial concentrations ranging from 335 to 603 It is therefore noteworthy that the initial choles- 
mgm per cent to the normal range of 275 mgm terols were all abnormally high, m fact their 
per cent or less, the lowest being 176 mgm per range of 315 to 741 mgm per cent was similar 
cent to that of the myxedematous patients in Table I 

The patients included in Table 11 were relieved The relief of symptoms and the extent of the 
b\ th}TOid of the sjmptoms referable to hypo- fall of cholesterol on treatment with % to 2% 
tin roidism almost as completel)' as those in group grains of thyroid also corresponded closely with 
1 But before they were tested in this fashion, the group in Table I, wth the exception of cases 
there were one or more reasons for deteimimng 54183, A33872 and P1536 In these latter pa- 
whcther or not hj-pothjToidism w'as present in tients the symptoms due to hypothyroidism were 
each case It can be seen in Table II, for ex- relieved and their cholesterols fell more than 250 
ample, that the basal metabolic rates of 6 cases mgm per cent Yet, owing to complicating con- 
ranged from onlj minus 18 per cent to minus ditions, weakness and other symptoms persisted 
1 per cent (\\Tiile edema was present m 5 and the cholesterols remained above normal 
patients, there was enough e\ndence in 3 of Omission of the thyroid m 4 of the patients 
chronic nephntis or cardio\’ascular disease to ob- in groups 1 and 2 produced a complete reversion 

scure Its significance ) Also, the other s^mptoms in sjmptoms and a parallel nse in cholesterol, 
such as dr} skin, coarse thin hair, retardation, thereby confirming the previous evidence mdicat- 
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sc as vsTis that of the phospholipids It is 
Esting that the hypothyroid patients, A58944 
\39091, -who had fatty acids high m propor- 
0 cholesterol, were those who also had micro- 
anemias and some malnutntion On the 
■ hand, those who had cholesterols particu- 
high in proportion to the fatty aads, A33872, 
142, P1S36, 1, and P1667, all had compara 
r low proteins, 7 4 to 6 1 per cent A67142 
P1536 also had mild forms of chronic nephri- 
Furthcrmorc, the fatty aads seemed less 
insive to thyroid and in 4 of the non hypo- 
nd patients failed to fall wnth the cholesterol 
■oletns The serum protans of the 5 myxe 
itous patients in Table I were determined 
re thyroid treatment and in 3 patients after 


omission of thyroid Of these 8 determinations 
of serum proteins without recent thyroid therapy, 
7 values were between 7 4 and 8 4 per cent 
These values are distmctly higher than would be 
expected in 5 normal subjects According to the 
data of Peters and Eisenman (11), the serum 
proteins of normal subjects vary from 57 to 80 
per cent and 90 per cent of the values he between 
6 3 and 7 7 per cent Only 5 of the 11 patients 
m group 2 had proteins above 7 4 per cent A1 
though improvement from thyroid administration 
can be predicted from the imtial high level of 
scrum protans in clear-cut cases of myxedema, it 
cannot be predicted from the proteins in doubtful 
cases 

The changes which occurred in the proteins of 





Fio 7 Rilative Chamois m Basal Mitaiiolic Rate, Weight, Edema, Se4um Cbolesteiol 
AMD Pbothne or A62475 

Thyroid dosage indicated hy solid black block, gaps, no thyroid narrow block, grains 1 wide, 
grains 2 per day 

Fig 8. Relatwi Cbamcks im Basal Mitaiiolic Rati, Weight, Edema Shidm Cbolzstieol 
AMD PaOTEIME 01 A58944 ^ id 

Thyroid dosage, grains 2 per day indicated by wide bla^ ^ 
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Fig 6 Relatd'e Changes in Basal Metabolic Rate, Weight, SEEtm Cholesterol and Photeins 

OF A43137 

No edema wtis obsened. Thyroid dosage mdicated by solid black block, gaps, no thyroid, narrow 
block, grains 1 , wdc, grams 2 per day 


ratelv' if, in addition to determination of the basal 
metabolic rate, the cholesterol is also measured 
This point IS illustrated m Figure 1 where it can 
be seen that all of the patients who improved on 
th\Toid, denoted by arcles, had initial cholesterols 
well abo^e 300 mgm per cent, while those who 
did not, represented by crosses, had far lower 
amounts wath one exception, P1667, who had 300 
mgm per cent. 

Furthermore, the serum cholesterol proved to 
be -ver^ sensitive to the administration of thyroid 
Inspection of Figure 2 shows that the cholesterol 
fell after thjroid m all of the patients How- 
ever, the fall in cholesterol took place on 1 to 2 
grams of thjroid in the mj-xedematous patients 
(Tables I and II) while much larger amounts 
were required m the others (Tables III and IV) 
The actual magnitude of the decreases m choles- 
terol is dependent to some extent on the imtial 
level of cholesteroL The relation of the height 
of the cholesterol to the sevent) of myxedema is 


considered later in the discussion The sensitiv- 
ity was also apparent when thyroid therapy was 
omitted and a reversion to the pre-treatment con- 
dition occurred Examples of these responses may 
be seen m Figures 5, 6 and 9 In a number of 
patients — for example, A4S359, Figure 5, A43137, 
Figure 6 — cholesterol changed earlier than the 
basal metabolic rate 

Lipoid phosphorus As can be seen in Figure 
3, where all of the determinations on the 4 groups 
of patients have been plotted, there is essentially 
a straight Ime relationship between cholesterol and 
lipoid phosphorus This correlation is so close 
over the whole range that, within narrow limits, 
the concentration of either component could be 
predicted from analytical measurement of the 
other 

Fatty acids The fattj' acids in most of the 
patients tended to vary with the cholesterol But, 
as can be seen in Figure 4 where they have been 
plotted against cholesterol, the relation was not as 
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again resulted m a decrease. Further inspection 
of the charts reveals that the proteins were not 
regularly affected as rapidly as were serum cholcs 
terol basal metabolic rate, or symptoms 

In group 2 the serum proteins of A39091, 
A67142 and P1S3G can bardly be included because 
the first patient suffered from a severe cardiac 
disorder and the other 2 from low grade clironie 
nephritis The scrum proteins of 5 of the re- 
maining 8 patients were 0 5 to 1 8 per cent lower 
after thyroid Six of the 7 patients in group 3 
had a decrease of 0 4 to 0 7 per cent in proteins 
after thyroid In group 4, consisting of patients 
who were given thyroid because of vague symp- 
toms, there is no correlation between serum pro- 
teins and thyroid admimstration 

All the patients in group 1 except A4S359 lost 
weight after the administration of thyroid In 
group 2, 5 of the 8 patients without cardiac or 
renal complications weighed less after thyroid 
Two of these, 10670 and 1 had simultaneous 
diminutions in bod) w eight and m serum proteins 
No correlation could be discovered between 
changes in clinical evidences of edema, including 
weight loss, and serum proteins 

DISCUSSION 

Tlie serum cholesterol of evety patient in the 
4 tables fell after the administration of thyroid 
Some of these patients, notably A44014 6, 5253 
and P1667 required large doses to effect these 
results In Tables III and IV (with the excep- 
tion of P1667 who was injected intravenously 
with large doses of thyroxin) the decreases in 
cholesterol in 8 of the 12 patients were between 
If and 65 mgm per cent It has been shown 
previously that serum cholesterol m the same m 
dividual vanes over a wide range if it is quan 
titated repeatedly (18, 19, 20) In our own ex- 
perience (18) the cholesterol of a normal male 
studied at intervals for 2)4 years vaned from 173 
to 239 mgm. per cent, and in a normal female 
studied 4 years the cholesterol varied from 203 
to 257 mgm per cent The fall m cholesterol in 
patient 6 from 149 to 94 mgm per cent (Table 
ni) may be of more significance than a similar 
variation m the cholesterol of the normal male 
from 239 to 173 mgm per cent It is preferable, 
therefore, to express the decrease in cholesterol 
as the per cent of the highest value for the mdi- 
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vidual Percentage decreases in cholesterol m 6 
of the 12 patients in Tables III and TV (with 
omission of P1667) were less than the percentage 
decrease in the cholesterol of the normal male. 
It IS obvious that, though thyroid invariably low- 
ered the serum cholesterol, the actual diminutions 
m half the patients m Tables III and IV did not 
exceed the limits of normal vanation. 

Examination at frequent interrals of the serum 
of 3 patients in the third and fourth groups has 
shown tliat the decrease m cholesterol was only 
transient. These 3 patients were an obese male 
(2) with no clinical signs of myxedema, a hypo- 
chondriacal obese female (A6147) 66 years old, 
and a 27 year-old female (A59140) who devel 
oped a unilateral exophthalmos after thyroidec 
tomv Before deadmg however that the fall in 
cholesterol is transient, the size of the dose of 
thyroid and the amount of mcrease must be con 
sidcred A male patient weighing 182 kilograms 
showed no reduction in cholesterol after 2 grains 
of thyroid per day That the cholesterol might 
have fallen if the dosage had been increased is 
suggested by the fact that many of tlie patients 
m groups 3 and 4, whose weight did not approach 
182 kgm required 2 or more grams of thyroid 
to reduce the cholesterolemia 

The question as to whether or not the oral 
administration of thyroid permanently lowers the 
scrum cholesterol of normal as well as of myxe 
dematous individuals, has been attacked from dif- 
ferent angles by many investigators Page and 
Farr (21) have recently confirmed earlier ob- 
servers that thyroid ingestion does not decrease 
the hypercholesterolemia of nephrosis Blumgart 
and coauthors (22 2) have found tiiat, after total 
ablation of the thyroid for heart disease, serum 
cholesterol rises The cholesterolemia of these 
thyroidectomized patients is usually influenced 
more markedly by small doses of thyroid than 
the serum cholesterol of patients without thy- 
roidectomies Hurxthal (3) gave thyroid to 3 
‘ apparently normal persons ’ and reported a fall 
in the blood cholesterol of each However, 2 of 
the 3 before thyroid had basals of mmus 16 and 
minus 35 per cent This seems an unfortunate 
selection of normal subjects for such an expen 
menL In the third subject thyroid was only given 



750 


E F GILDEA, E B MAN, AND J P PETERS 



Cholwterd 
mg. 9-0 
560 


520 


4B0 


440 


400 


360 


Protein 

% 

Q45 

Weight 

90 

320 

8 15 

80 

aeo 

785 



755 

70 

S40 

7 25 



6 95 

GO 

200 

6 65 



6 35 

50 

lEO 

605 

40 

120 


Fig 9 Relative Chances in Basal Metabolic Rate, Weight, Edema, Sebum Cholesterol 
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the 5 mj-xedematous patients after treatment are 
illustrated in Figures 5, 6, 7 , 8 and 9 In 3 of 
the 5 patients in group 1 after thyroid adminis- 
tration the proteins fell from 02 to 1 4 per cent 
In the fourth patient, A58944 (Figure 8), the 
protans rose from 7 6 to 82 per cent in the face 
of clinical improTcment manifested by a loss in 
weight, a marked fall in cholesterol and rise m 
basal metabolic rate Eight months later, how- 
e\cr, when recoTery had taken place, the proteins 
had dropped to 68 per cent The fifth patient, 
A 5282 1, was anemic and had been on a defiaent 
diet before thjToid therapy Thyroid administra- 
tion and a more adequate diet were followed in 
21 days by a waght loss of 7 kgm , a nse m 
protans, marked climcal improvement, fall in 


lipoids, and rise in basal metabolic rate Four 
years later, when the patient felt so well that she 
omitted thyroid, a reversion in symptoms to the 
former myxedematous state occurred Her serum 
proteins at this time were 8 4 per cent After 
15 days of thyroid (0 5 grains daily) her proteins 
did not change but there was a weight loss of 1 
kgm Thyroid was mcreased to 1 gram daily and 
14 days later the serum proteins were the same, 
yet loss of weight amounted to 1 6 kgm , the basal 
metabolic rate had risen, cholesterol had fallen, 
and most of the symptoms of myxedema had gone 
It was not until 3 months after treatment was 
begun that the proteins fell to below 8 0 per cent 
In the first 2 patients omission of thyroid produced 
a nse in serum proteins and resumption of thyroid 
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a diagnostic aid m doubtful or atypical cases Of 
the 16 patients m Tables I and II who improved 
markedly on to 2 % gram doses of thyroid, only 
1 had a cholesterol as low os 316 mgm per cent 
In this latter case the results v.ere moderate be- 
cause complicating disorders overshadowed the 
hypothyroid symptoms However the most use 
ful entenon suggested by tins study lies in the 
fact that not one of the patients with many symp- 
toms attributable to hypothyroidism but with 
serum cholesterol wthm normal hmits was im 
proved by thyroid For practical purposes a 
scrum cholesterol below 275 mgm per cent in 
dicates that in most instances the patient will not 
be benefitted by thyroid This entenon must be 
used with caution, particularly in the case of 
borderline figures ranging between 275 and 300 
mgm per cent The present study for example 
shows that no one wuth a cholesterol below 316 
mgm per cent improved with thyroid therapy It 
13 conceivable however, that a patient who in the 
beginning of the deielopment of hypothyTOidism 
might ha\e bad a cholesterol over 350 mgm per 
cent would later, as a result of severe malnutntion 
(32) or liver disease liave this reduced to 275 
mgm per cent in spite of the cononued progress 
of the hypothyroid disease. That malnutntion 
may matenally interfere with the development of 
a high cholesterol in myxedema is suggested by 
the studies on patient A52821 Figure 9 When 
first seen she was malnounshed and had a micro- 
cytic anemia as well as fully-developed myxedema, 
and her cholesterol was 318 mgm per cent. Sub- 
sequently she made a good recovery on 1 grain 
of thyroid, but after 3 years of good health 
stopped taking thyroid When she returned again 
with about the same degree of myxedema as dur- 
ing the first study she was not malnounshed and 
it 13 noteworthy that her serum cholesterol was 
550 mgm per cent in contrast to the previous 318 
mgm, per cent Patients A62475 and A58944 had 
moderate degrees of microcytic hypochromic 
anemia, a condition often associated with a reduc- 
tion in cholesterol It is therefore not surpnsmg 
that the severity of tlie myxedema cannot be 
shown to be quantitatively proportional to the 
concentration of cholesterol 

The relation of the serum proteins to the dim 
cal state of the 5 myxedematous patients in group 
1 remams obscure It is evident that the proteins 


were elevated to high normal or slightly above 
when the patients were myxedematous, and that 
they gradually fell as improvement followed the 
adramistration of thyroid But they did not neces- 
sarily fall vnth the disappearance of edema In 
the case of A45359, Figure 5 proteins had de- 
chned only slightly when the edema Iiad prac 
tically disappeared In patients A52821, Figure 
9 and A58944 Figure 8 the proteins actually 
rose as weight loss occurred the edema disap- 
peared and there was striking clinical unprove- 
menL In the remaining 2 only did the protems 
and weight fall simultaneously These divergent 
responses could be explained by Gibson's studies 
He found in 2 cases of myxedema that, after 
thyroid admimstration and after increases m basal 
metabolic rate the blood volume increased in one 
patient and remained unchanged in the other (29) 
In these 2 patients the level of serum proteins 
would probably not have shown similar changes 
after thyroid administration 

In 10 instances, m which both albumm and 
globulin were determined sunultaneously with a 
fall of serum proteins folloiving thyroid both 
fractions were about equally implicated 7 tunes, 
globulin was more important twnce and albumin 
more important once. Since the 2 patients whose 
globubn fell more markedly than the albumm had 
several compbcations, and since the patient whose 
albumm fell more than the globubn showed only 
a small decrease in protem and albumm near the 
error of the method, only little significance can be 
attnbuted to these exceptions The simultaneous 
fall in total proteins albumm and globulin of the 
7 patients would imply an increase in blood 
volume and hydration 

Further investigation may show that although 
serum protems are not as sensitive an indicator 
of deficiency m thyroid hormone as the basal 
metabohe rate and cholesterol the finding of 
values of over 13 per cent may constitute an 
additional and useful entenon of hypothyroidism 
However it is dear from the studies of the pa- 
tients m group 1 and 2 that many patients with 
defimte myxedema may have low normal protems 
and that a fall m proteins may not occur until 
some time after dinical improvement, nse in basal 
metabolic rate, and fall m cholesterol have taken 
place. One could not expect m dimcal cases of 
this kind an exact correlation between proteins 



752 


E F GILDEA, E B MAN, AND J P PETERS 


Turner and Steiner (20) reported a sharp drop 
m serum cholesterol m 10 patients given 30 to 
240 milligrams ol thyroid per day for 6 -weeks 
Of their 10 subjects 2 had diabetes, 6 had various 
forms of heart or vascular disease, and 5 had 
cholesterols in the control penod above 265 mgm 
per cent so that the indrviduals can hardly be 
judged as uncomplicated It is also impossible 
to tell whether the cholesterols fell for a short 
time or persistently throughout the thyroid ad- 
ministration Cohen and Fierman (23) gave 8 
male schizophrenic patients 6 to 15 or 18 grains 
of Armour’s U S P dessicated thyroid for ap- 
proximatelj 95 days, and after 67 days repeated 
the dosage for 69 days Although no figures for 
cholesterol are included in the paper, these authors 
found "no marked displacement of the seasonal 
trends ’’ of cholesterolemia Schmidt and Hughes 
(24) found that thyroxin given orally did not 
alter the plasma, whole blood total or free choles- 
terols of normal dogs but did reduce the plasma 
total and free cholesterol of thyroidectomized 
dogs Houchin and Turner (25) noted that, 22 
to 30 hours after 5 milligrams of thyroxin had 
been injected into rabbits, the blood fats decreased 
Hurxthal and Perkins (26) have shown that desic- 
cated th} roid diminishes the total cholesterol in the 
whole bodies of mice The responses of different 
animals to thjToid or thyroxin are somewhat diffi- 
ailt to relate to the effect of thyroid on the serum 
cholesterols of humans because there seem to be 
certain animals, rabbits or rats fed on normal 
diets, which do not develop hypercholesterolemia 
after thjTOidectomy (27, 28) Also, the effect 
of thjnoxm on serum cholesterol has not been 
imestigated in the present study It is apparent 
from the e\adence cited here that thyroid, in suf- 
ficient!} large doses, does lower the serum choles- 
terol of humans, other than nephrotics, but that 
in subjects wathout th}Toid deficiency the actual 
decreases ma} be small, and that some regulatory 
reaction ma> soon permit the cholesterol to return 
to Its normal le\el On the other hand, in pa- 
tients wath either spontaneous or post-thyroidec- 
toms mj-xcdema, ^er} small doses of thyroid, % 
to 2 grains, rapidly reduce the hypercholestero- 
lemia 

These data demonstrate that the le\ els of serum 
cholesterol and other lipoid fractions are markedly 
increased bi a defiaenc} in th}Toid hormone The 


concentrations of lipoids may be 2 to 3 times as 
great as the normal This increase m serum li- 
poids greatly exceeds any effects of hemoconcefi- 
tration due to the state of myxedema The blood 
volume in 7 myxedematous patients has been 
showm by Gibson to be about 15 5 per cent below 
normal (29) When thyroid is administered to 
a patient with hypothyroidism, a fall in lipoids is 
one of the early changes that takes place These 
points are well illustrated m the individual charts 
of patients in group 1 and in Figures 2, 5, 6, 7, 
8, and 9 The sensitiveness of serum cholesterol 
to deficiency in thyroid hormone is exemplified 
by patient A45359, Figure 5 After thyroidec- 
tomy this patient was apparently doing well, 
showed no signs of myxedema, and the basal 
metabolic rate was plus 4, yet the cholesterol rose 
to 471 mgm per cent Only 2 weeks later the 
symptoms of myxedema began to appear, and m 
4 weeks the syndrome was full blown By this 
time the cholesterol was 603 mgm per cent, the 
basal metabolic rate minus 27 per cent, and the 
proteins 8 per cent This slow development of 
clinical symptoms has been pointed out by Means 
and Lerman (30) On treatment the fall m 
cholesterol paralleled the remission in symptoms 
The marked reversion in symptoms, hpoids and 
basal metabolic rate to the pre-treatment levels m 
3 myxedematous patients, A45359, A43137, 
A52821, on omission of thyroid, conclusively dem- 
onstrates their dependence on the amount of thy- 
roid hormone These results in general agree with 
those of Hurxthal and coworkers (3, 31, 5) 

In a patient who has a basal metabolic rate be- 
low minus 20 per cent the finding of a cholesterol 
of over 300 mgm increases the probability of 
thyroid deficiency But certain complications such 
as nephrosis, common bile duct obstruction, or 
xanthomatosis, which may elevate the serum 
lipoids, must be ruled out before thyroid admin- 
istration IS advocated Furthermore, examination 
of P1667, 85071 and group 4 reveals that there 
may be other not clearly-defined exceptions 
These patients showed no improvement in symp- 
toms on thyroid therapy, although there was a 
nse in basal metabolic rate and a fall in choles- 
terol and proteins 

The results indicate therefore that high serum 
cholesterol is a sufficiently consistent phenomenon 
m hypothyroidism to warrant its determination as 
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and evidences of thyroid activity, because proteins 
are subject to the influence of so many nutntional 
factors The exact relation between proteins and 
thyroid function could only be eluadated by con- 
trolled expenments 

Patients 'wnth diminished basal metabohc rates, 
low serum lipoids, and mcapaatating fatigability 
are still being studied These patients fall into a 
different classification than the patients discussed 
by Hurxthal (4), who has considered the effects 
of the pituitary and adrenals in lowenng the basal 
metabohc rate From the study of the patients 
in groups 3 and 4, it is apparent that the ad- 
mimstration of tliyroid does not ameliorate the 
sj-mptoms of lack of energy and multiple com- 
plaints On the other hand, patients with low 
basals and low lipoids often are asthemc m phy- 
sique (33) and are troubled by tension, irritability, 
tremulousness and insomnia The adimnistration 
of thyroid to such persons seems contraindicated, 
as for example m (6) Table III This man had 
found vork difficult because of weakness and easy 
fatigability ^^^len it ^vas discovered that his 
basal was minus 27 per cent he began to take 
thyroid The results were disappointing and the 
dose w'as rapidly increased to 4 grams and was 
maintained for 1 month As improvement \vas 
negligible he tned 6 grains daily This resulted 
in tremor and nervousness w ith no relief of symp- 
toms although the basal metabohc rate had nsen 
to minus 1 per cent The dose was reduced to 
4 grams and maintained for 3 months He con- 
tinued to feel as w'eak as ever Thyroid was 
stopped After a month his basal had fallen to 
minus 22 per cent, and his weakness and fatig- 
abilit} had not increased It is of particular in- 
terest that the cholesterol was extremely low ( 149 
mgm per cent) wnthout thyroid, and that with 
thyroid it was reduced to the remarkable level of 
94 mgm per cent w hich has been found previously 
onl} m gra\ e malnutntion, arrhosis and acute and 
se^ ere hj-perthj roidism 

CONCLUSIONS 

1 The levels of serum cholesterol, phospha- 
tides, and fattj aads are readily affected by 
changes in the amount of thjroid hormone in the 
bod} 

2 Patients wnth mj-xedema have remarkably 
high serum lipoids (cholesterol 335 to 603 mgm 


per cent) Amelioration m symptoms by admin- 
istration of 1 to 2 grams of desiccated thyroid is 
closely paralleled by a fall in lipoids and a nse m 
basal metabohc rate The hpoids revert to former 
high levels with return of symptoms following 
omission of thyroid therapy In patients wthout 
hypothyroidism thyroid lowers serum cholesterol, 
but the decreases are not so sigmficant and larger 
amounts are required 

3 The level of serum cholesterol is a useful 
tool in determimng the presence or absence of hy- 
pothyroidism A serum cliolesterol below 275 
mgm per cent practically excludes hypothyroidism 
and indicates that the admimstration of thyroid 
will probably have httle or no effect in relieving 
symptoms 

4 Although the combination of high choles- 
terol and low basal metabolic rate may be the re- 
sult of conditions other than hypothyroidism, 
patients with these findings should be considered 
as having hypothyroidism until the contrary is 
proven by their failure to improve after treatment 
with thyroid 

5 Serum proteins tend to he above or m the 
upper part of the normal range in hypothyroidism 
The level of proteins could not be consistently 
correlated with the amount of edema In many 
of these patients nutntional and metabolic factors 
appeared to be more important than changes m 
water balance m determining proteins 

It would have been impossible to collect this material 
if It had not been for the climcal services of Dr Paul 
Lavietes and Dr Alexander Winkler under whose care 
were many of the patients 
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Treatment witli sulfanilamide is sometimes m 
dicated in patients suffenng from nephntis or in 
those with infections \Nhich may lead to renal 
disease, hence, it is desirable to know whether a 
damaged kidney has an increased susceptibiUty 
to this drug Several investigators (1 2) have 
reported tliat administration of sulfamlamidc to 
normal rats over long periods in daily amounts 
somewhat greater than those used for man, is not 
assoaated with the development of renal lesions 
but there is not complete agreement on this point 
(3) For a general discussion of the toxic cf 
fects of sulfanilamide the recent review of Mar 
shall (4) may be consulted 

The present w'Ork %vas undertaken to determine 
whether rats with experimental glomerulonephritis 
will tolerate sulfanilamide' when grven m doses 
comparable to those usually employed for human 
beings Since it is possible to alter sigmhcantly 
the course of nephrotoxic nephritis m rats by 
feeding different diets (5) it was proposed to 
employ this procedure to influence the renal 
changes toward regression or progression m rats 
with induced nephritis Thus, animals ivith dif- 
ferent degrees of renal disease would be available 
for testing the effect of sulfanilamide m the 
mjured kidney 

An unexpected factor, t e , heredity entered 
into the experiment and necessitated a redmsion 
of the original groups of rats for an adequate m 
tcrprctation of results consequently, the number 
of animals m each of the final groups was small 
Nevertheless, the uniform response of the rats to 
the drug justifies a report of the observations 

EXPEMMENTAL METHODS 

Anti kidney /mini— This scrum was prepared m rah- 
blti by the rntraperitoncal injection of suspensions of 


1 The tnlfanilamidc used was the brand known as 
ProntyJin, Jondly supplied by the Winthrop Chemical 
Company Inc. 


perfused kidney tissue obtained from rats of the Whelan 
strauL Anti scrum number 4557 toed in preceding 
experiments (S) was injected mtravenously mto rats 
in a dosage oi 075 cc. ptr 300 grams of body weight 
Thb total amount was given in three divided doses on 
coniecnlive days. Most of the anunals received an addi 
tionnl 025 cc. of anli-Iodney serum five weeks after the 
original injection. 

Stroms of rats — Only a few hooded rats of the so- 
called \Vhclan strain which we had used throughout our 
earlier work were availahlc when the present invcstiga 
tion was undertaken. As a result, two members of this 
inbred Ime, of opposite sexes, were placed in each of 
six groups and in addition twenty hooded rats of the 
Evans strain were used to complete the requisite number 
Animals weighbig 50 to 60 grams when received were 
observed for a week and subjected to repeated unne 
analyses The anunals received the mital mjection of 
ncphrotoxin when they weighed about 75 grams. 

Core of ummef/— Rats were kept m separate Jars and 
fed one of two ptmfied diets. The cemstituents in these 
ratioTW have been described elsewhere (5), and it it fid 
flcicnt to say here that only the protein and carbohydrate 
contents were varied. The high protein diet contained 
40 per cent lactalburoen and 29 per cent of a mixture of 
Karo powder and cane sugar the Io%v prertem diet con- 
tained 5 per cent protein and 64 per cent carbohydrate. 

Urine analyses and dctcrraination of body weight were 
made on alternate days for the first sue weeks and once 
or twice weekly thereafter 

Rats u'cre saenficed three months after nephntis had 
been induced and complete autopste* were performed. 
Sections for microscopic study were always prepared 
from kidney and heart and usually from the pancreas 
and bram. Paraffin sections of kidney tissue were 
stained by the usual methods and, in addition, by Mai 
lory's aniline blue stam and McGregor s modification (6) 
of the MaKory Heidenham technique. 

Administration of sulfanilamide and estbnatian of Us 
sxerfhon — Sulfanilamide was usually given by mouth, 
but when quantitative estunations of unnary excretion 
were made the drug was mjected subartaoeouily Stock 
solutions for use by either route were prepared by dis 
solving the drug in boflmg Ringer's Solution and, after 
cooling, adding sufficient sterile diluent to bring the con- 
centration of sulfanilamide to 5 rogm. per cc. For oral 
adnumstration a proper amount of the stock solution of 
drug ue 1 0 cc. per 100 grams of body weight, was 
placed in the individual drinking bottle of each rat and 
30 cc. of a 10 per cent solution of Karo syrup in water 
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ferences were noted on pathological exannnation 
The graphs in Figure* 1 and 2 summanie the 
unnary findings in the nephntic animals which 
received the drug in each diet and strain group, 
as well as in the controls receiving no drug 
A second set of control rats which did not re 
cerve ncphrotoxin excreted normal unne through 
out the penod while they received sulfanilamide. 
Moreover, no changes were observed in tlteir 
kidneys on imcroscopic exammaPon except those 
which have been recorded in normal animals 
mamtained on these two diets (S) 

There was no sigmficant difference in tlie ex 
cretion of sulfanilamide by normal and nephnbe 
rats fed the low proton diet The average values 
for the entire penod were 70 per cent m the 
former group and 73 per cent m the latter The 
results obtained in the high proton diet group 
were more variable and may indicate a diminution 


m excretion ol the drug by animals with mduced 
renal injury dunng the second week after m 
jection Nevertlieless, the average excretion 
values in these groups of normal and nephntic 
animals were not greatly different, bong 81 per 
cent and 70 per cent, respectively The amount 
of free drug m the unne, determined before hy- 
drolysis, was m general about 35 per cent of the 
total sulfanilamide excreted The results of ob- 
servations on the unnary excretion of sulfamla- 
nude are summarised m Figure 3 

Retention of sulfamlarmde, which may occur m 
patients with severe nephnbs (9), was not noted 
m our ammals , however, none of the rats de- 
veloped renal failure dunng the relatively short 
course of the experiment Unne collected before 
each excretion test, i e approximately sixty hours 
after the last admmistration of the drug con- 
tained very small amounts of sulfanilamide , only 
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were added Animals took this mixture a\ndly and 
rarelj wasted more than a few drops 
The method of determining the unnarj excretion of 
sulfanilamide was similar to that emplojed by Marshall 
and Cutting (7) and was earned out as follows On 
Mondaj morning a sample of unne was collected and 
examined m order to be certain that the last dose of the 
drug, gi\cn on Fridaj, was no longer being excreted 
in appreaable amounts Late that afternoon each rat was 
injected subcutaneously with a proper amount of the 
stock solution of sulfanilamide, placed in a metabolism 
jar for collection of unne, and gisen a drinking bottle 
containing 15 cc, of diluted Karo to insure an adequate 
\olume of urine. The next morning, sixteen and one- 
half hours after injection, the residual urine was pressed 
from the rat's bladder and the total volume was 
measured An aliquot portion of the sample of unne 
was used to determine the concentration of sulfanilamide 
The urinao excretion of the drug was expressed as 
the percentage of the injected amount which was ex- 
creted m both the free and combined form over a period 
of sixteen and one-half hours Estimations of free and 
combined sulfanilamide were made on unne and blood by 
the techniques of Marshall (8) 

Grouping of cxpcnmcnfal animals — Severe glomerulo- 
nephritis w as induced in twenty-four young rats by means 
of anti-kidnej serum Half of the animals were then 
placed on a low protein diet while the remainder were 
gi\cn a high protein diet. Slx of the nephritic animals 
in each diet group received sulfanilamide in doses of 005 
gram per kilo of bodj weight on five consecutive days 
each w cek for a period of ten w eeks , the other rats 
wnth nephntis were kept as controls Eight additional 
control animals which did not receive nephrotoxin were 
treated with sulfanilamide, these also were distributed 
m equal groups and gl^en one of the two diets Each of 
the SIX groups of animals consisted of two rats of the 
Whelan stram and two or four of the Evans strain. 

RESULTS 

Differences in the response of Whelan and 
Ez ans rats to nephrotoxin A stnking difference 
m the course of the nephntis in the tivo strains 
of rats tvas apparent by the end of the first month 
Animals of the WTielan strain behaved as m 
prenous expenments (5), xe, the nephntis 
rapidlj subsided and became of mild intensity m 
the rats fed the low protein diet, while in the high 
protein diet group the nephntis continued to be 
scicre On the other hand, the acute nephntis 
induced m the E-vans strain of rats by nephro- 
toxin rapidlj subsided irrespective of the diet fed 
These findings are clearlj shown in Figures 1 
and 2, m which graphic representations are pre- 
sented of the average unnarj albumen and casts 
excreted bv the members of tlie different groups 


Since the nephnbs subsided in most of the 
animals more rapidly than we had onginally an- 
tiapated, all rats, except those of the Whelan 
stram maintained on a high protein diet, were 
given a second senes of injections of nephrotoxin, 
this second dosage consisted of one-third of the 
amount of the first dose and was given five weeks 
after the imtial injection In order to avoid fatal 
anaphylactic reactions, the ammals were first de- 
sensitized by mjecbng 0 05 cc of anb-kidney 
serum , on the following day the remainder of the 
nephrotoxin was given This procedure was ap- 
parently successful with the Whelan strain of rats 
since neither mjeebon was followed by any 
anaphylacbc reacbon The Evans strain of rats, 
however, almost in-variably developed signs of a 
slight or moderate reacbon after each mjeebon 
These observabons, which apparently indicate that 
the former stram was less sensibve to rabbit 
serum than the latter, suggest an explanabon for 
the different renal response of the two rat strains 
to reinjecbon For example, arculating anbbody 
in rats sensitive to rabbit serum might combine 
with the rabbit nephrotoxin and thus prevent its 
acting on the kidney The second course of 
nephrotoxin was followed by a moderate exacer- 
babon of nephnbs in the ammals of the Whelan 
strain and a slight recurrence m members of the 
Evans strain of rats fed the high protein diet, 
however, no appreciable increase of renal irnta- 
bon was observed m reinjected rats of the E-vans 
strain which were being fed the low protem diet 
Addibonal observations on the -vanous re- 
sponses of different inbred strains of rats to 
nephrotoxin will be reported in the near future 
It may be menboned here, however, that the his- 
tological evudence for recovery from renal injury 
observed m rats of the E-vans strain fed the high 
protein diet is similar in many respects to that 
previously noted m ammals of the Whelan line 
maintained on a low protein diet (5) 
Administration of sidfamlamtde to normal and 
nephritic rats The administrabon of sulfanila- 
mide in the manner desenbed above to nephnbe 
rats had no ob-vious effect on the course of the 
renal disease In every mstance the degree of 
unnary abnormality and the rate of growth were 
pracbcally idenbcal for rats of the same strain 
in a given diet group, whether sulfamlamide was 
ingested or nob Furthermore, no apparent dif- 
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Norrml «w receiving Sul/kTillainide 
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FlQ 1 UUHABY EXCKIIOH OF SULTANILAUIBt BY NoBUM. AND NtrnUIlC RaTS MAINTAIKB) ON 

DtFrotENT Diets 

Nephntu u-as Induced Itarch 26 1937 SalfaniUmide. begun ten days later was given on five consecu 
live days each week in doses of OOS gram per kilo of body weight Per cent excretion of sultaniiamide repre- 
sents the proportion of drug free and combined, in the urine secreted during sixteen and one half hours after 
admnustratioa 


drug to normal rats for considerable penods 
The inference is clear, therefore, that neither 
normal nor diseased renal tissue of rats is de- 
tcctably injured by the necessity for excreting 
sulfanilamide in moderate amounts. This is in 
contrast to the recently recorded observations 
made on rats treated with sulfapyndme (10 11) 
which inflicted definite renal damage 

The abihty of the ncphrotoxin injured rats’ 
kidnq'S to excrete sulfamlamide at a normal rate 
may be contrasted with the lowered capacity of 
human nepbntic kidneys to excrete this drug (9) 
That this mdicates an essential qualitative differ- 
ence between human nephntis and that mduced 
in the rats is doubtful, for renal failure was not 
present m these rats while it has been observed in 
patients who faded to excrete the drug normally 

CONCLUSIONS 

Sulfanilamide, given m therapeutic doses for 
long penods to rats with nephrotoxic nephntis, 


did not affect the course of the expenmental dis- 
ease. 

Rats with nephrotoxic nephntis, but without 
renal failure, excreted sulfamlamide m the same 
amounts as did normal rats Inadently, it was 
found that rats of the Whelan and Evans strains 
respond differently to tlie effect of nephrotoxic 
serum and diet 
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Fig 2 Effect of Sulfamlamide on Course of Nephrotoxic Nephritis in Rats Maintained on a High 

Protein Diet 

Arrows indicate injection of nephrotoxin. Initial amount of anti-ladney serum was 0 75 cc, per 100 grams 
of bod> weight Ei-ans rats receued a second dose of 0 25 cc. per 100 grams of body weight The presence 
of edema is represented by the solid black areas 


on a few occasions tvas a concentration of 0 01 
mgm per cent recorded Furthermore, at the 
end of the expenment, each rat w’as injected sub- 
cutaneously WTth an amount of drug equal to 15 
mgm per 100 grams of body weight and bled 
from the heart sixteen hours later No notable 
T-anation in the amount of drug was detected m 
the blood of nephntic and control ammals of a 
gitcn diet group, but a considerable difference m 
the blood lei cl was obsened in rats fed the high 
and low protein diets Thus, the toIucs 3 4 and 
2 6 mgm per cent represented the ai erage blood 
lei el of sulfanilamide m the nephnbc and control 
rats fed the high protein diet, while 109 and 10 5 
mgm per cent were the ai erage i-alues for the 
two groups of animals fed the low protein diet 
An explanation of this difference is not at hand 
Hovel er, tlie excretion of larger lolumes of 
unne bi rats on the high protein diet maj have 


been a factor m reduang the blood level of the 
drug m this group The results on the whole are 
similar to those obtained by Marshal] and Cutting 
in their studies on excretion of sulfanilamide by 
normal rats (7) 

DISCUSSION 

The present expenments indicate that rat kid- 
neys, which have been subjected to vanous de- 
grees of damage by a combination of nephrotoxic 
serum and mjunous or benefiaal diets, are not 
appreaably affected by sulfamlamide given over 
relatively long penods in daily dosage of approxi- 
mately 005 gram per kilo of body weight, the 
usual maximal dosage for man These observa- 
tions, moreover, are m accord with those of the 
majonty of workers who could find no significant 
clianges m the kidneys after adnnmstenng this 
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The work of Parhon (1) and of Aub, Bauer, 
Heath and Ropes (2) established the existence of 
a negative calcium balance in expemnental and in 
clinical hyperthyroidism Pugsley and Anderson 
(3 4) and Cope and Donaldson (5) among others 
conhrmed this finding in rats and in human be- 
ings, respectivelj , and in addition, in agreement 
with Aub (6) stressed the prominent part which 
loss of calcium in the feces plaj s in hypertliyroid- 
ism, m contrast to other diseases charactenied by 
a negative calaum balance Hansman and Wilson 
(7) and Hansman and Fraser (8) recently 
showed that occasional!) calaum equilibnum may 
be present in clinical hyperthyroidism and that 
the intestine need not always be the pnnapal route 
of excretion of calaum 

Kummer (9) suggested that dunimshed absorp 
bon of dietary calaum accounted for the high 
calaum content of feces in pabents with hyper 
thyroidisra On the other hand Aub ct al (2) 
demonstrated the occurrence of osteoporosis in 
pabents with hyperthyroidism and obtained data 
on the simultaneous increase m excretion of pbos 
phorus which " was quanbtabvely such as to sug- 
gest that most of the calaum excreted came from 
tertiary calaum phosphate m the bones ’ This 
and certain ncgabve data influenced Albnght 
Bauer and Aub ( 10) to postulate that the thyroid 
hormone exerts a speafic catabolic acbon on the 
metabolism of calaum phosphate m bones Re- 
cently the possibility that in hyperthyroidism there 
may be an ' inability to assimilate the calaum of 
the food quite apart from the mobihzabon of cal- 
aum from the bones ” was again brought up by 
Hansman and Fraser (8) 

Most invesbgators in this field were chiefly in- 
terested in the endogenous metabolism of calaum 
and conduaed thar studies with diets very low 

’Aided by a grant from the Chnstine Breon Fund 
for Medical Research 

’Read before the Annual Meeting of the American 
AisodaUon for the Study of GcHec at Cmannati, May 
22 to 24 1939 


in calaum in order to eliminate the factor of un 
absorbed dietary calaum However, this expen 
mental arrangement does not disbnguish between 
increased cxcrebon of calaum into the intesfane 
and decreased re-absorpbon of excreted calaum 
Also apparently no attempts have been made to 
study quanbtabvely whether dunimshed absorp- 
tion of calaum from the food could be a fartor 
contribuhng to the loss of calaum from the body 
m hyperthyroidism The latter possibility pre 
sented itself prommently when we discovered that 
intesbnal absorption of carbohydrates and of fatty 
aads was greatly increased in hyperthyroidism 
(11) suggesting that absorpbon of calaum may 
be decreased m this disease through preferential 
absorpbon of other food elements 

For these reasons, we undertook to study in 
tcstinal absorption and excrebon of calaum in 
normal and in hyperthyroid rats An addibonal 
mcenbve for this study was furnished by a sug- 
geshon of Albnght el a! (10) based on the work 
of Petersen and Levinson (12) that increased 
dssue permeability might be the cause of increased 
calaum excrebon If increased permeability of 
the intestinal mucosa were the cause of mcreased 
diffusion of calaum from the blood into the m- 
tesbne one would expect to find also an abnor- 
mally high rate of diffusion of calaum in the 
reverse direcbon provided that its concentrabon 
m the intesbne exceeded that in the blood 
Just this was reported by Guassardo and Peola 
(13) who studied the absorpbon of calaum chlo- 
nde from an isotomc solubon by means of a 
double Vella fistula m 2 dogs before and after 
admimstrabon of thyroxin In three control ex- 
periments each lasbng 30 minutes, thar dogs 
absorbed on the average 39 and 37 per cent of the 
calaum introduced into the mtesbnal loop In 
two similar experiments on each dog performed 
20 mmutes after mtravenous injection of 1 1 mgm 
of thyroxin (the dogs waghed about 4 5 kgm ) , 
they absorbed on the average 59 and 60 per cent, 
respechvely, of the mtroduced calaum. 
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tate. From a companson of these figures it can 
be concluded that hyperthyroidism does not mate 
nail} affect the intestinal absorption of calaum in 
fasting rats when an excess of calcium lactate is 
present. 

h Absorpiton on a caicnwi free diet In this 
expenment normal and hy-pcrthyroid rats were 
fed on a calcium free diet adequate in other re- 
spects and containing 26 per cent of fat for 2 days 
before the absorption expenment They w ere not 
fasted and had access to food throughout the 
absorption expenment Figures for absorption of 
calaum in both groups of rats fed on the calaum 
free diet were very similar, and are given in Table 
II From a companson of these figures with 
those obtained from fasting rats that recaved the 
same dose of calaum lactate, it is seen that the 
presence of food does not significantly decrease 
the absorption of calaum in either normal or 
hyperthyroid rats when an excess of calaum lac- 
tate IS present m the intestine. 

Since rats feed chiefly dunng the night while 
our absorption expenments were started in the 
morning and carried out during the day it was 
thought tint the small decrease in absorption of 
calaum seen in fed as compared to fasting hyper- 
thyroid rats might be rendered significant by 
simultaneously admimstermg some food Ac- 
cordingly the calaum lactate was given to 6 h3rper- 
thyroid rats in a 20 per cent solution of dextrose 
without altering the absorption of calaum 

c The effect of phlonmn on absorption It has 
been suggested by Venar and McDougal (16) 
that the formation of calaum phosphorus com 
pounds in the intestinal mucosa may play a part 
m the absorption of calaum In view of our 
previous findmg that phosphorylation m the in 


testinc IS altered in hyperthyroidism it seemed of 
interest to learn whether inhibition of intestinal 
phosphorylation would affect the absorption of cal- 
aum. For this purpose normal rats were given 
two different amounts of calaum lactate with 
50 mgm. of phlormn in the solution. The figures 
in Table III show that administration of phlonzm 
did not affect the absorption of calaum 

2 Intestinal excretion of calciitin 

a Excretion during fostinp Young normal and 
hyperthyroid rats were fasted in a metabolic cage 
for 30 hours before determinations of calaum in 
the washings from the entire gastro-intestinal tract 
were made. The figures for the amount of cal 
aum present in the digestive tract of these rats 
are given in Table IV From these figures it is 
clear that the intestine of hyperthyroid rats con- 
tained no more excreted calaum than that of nor- 
mal rats 

b Excretion on a calcium free diet In this 
expenment the rats were fed a calaum free diet 
as menPoned previously Dctermmations of cal- 
aum in the contents of the entire digestixe tract 
were made and are recorded in Table IV From 
these figures it is seen that the presence of food 
increased the amounts of excreted calaum in the 
intestines of both normal and hyperthyroid rats 
This was somewhat more marked m the hyper 
thyroid group 

With the object of possibly mtensifymg this 
finding by more prolonged administration of thy- 
roxin, determinapons of excreted calaum into the 
intestine were performed m 8 rats injected with 
thyroxm for 3 weeks and in 4 rats similarly 
treated for I month mstead of for 12 days The 
seventy of hyperthyroidism in the last group of 
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Effect of phlontin on absorption of calaum 
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TABLE I 

Absorption of calcium t» normal rats during fasting 


Number 

of 

mu 

RanKc of 
onRinal 
weight 

Lo^ of 
weiRht 
after 
fasllns 
24 hours 

Dose of 
caldum 
per 100 
grams of 
svdght 

1 Amount of caldum 

1 absorbed In 6 hours 

! 

Number 

of 

rats 

Range of 
original 
weight 

Loss of 
weight 

Dote of 
caldum 
per 100 
grams of 
weight 

1 Amount of caldum 

absorbed In 18 hours 

Per 100 grains 
of weight 

Per 

cent 

fasting 
24 hours 

Per 100 grams 
of -weiBht 

Per 

cent 

6 

trams \ 
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1 
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52 
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35 78 

! 

30 26±3 27 

84 


* Standard deviation 


EXPERIMENTS 

1 Inleshml absorption of calcuini 

a Absorption during fasting After being 
fasted m a metabolic cage for 24 hours in order 
to clear the intestine of food residues, young rats 
Mere giten by stomach-tube several measured 
amounts of a 10 per cent solution of calaum 
lactate After 6 hours in some cases, and 18 
hours in others, the animals were sacrificed, and 
the contents of the entire digestive tract were used 
for determinations of residual calcium Figures 
for absorption of calcium by normal rats are given 
in Table I In this table it is seen that the ab- 
sorption of calcium under our experimental con- 
ditions M as approximately proportional to the dose 
of calaum lactate, and that its rate increased some- 
uhat Mith the size of the dose On the other 
lund, extension of the time allowed for absorp- 


tion of a given amount of calaum lactate from 6 
to 18 hours resulted in comparatively little addi- 
tional absorption, so that about 20 per cent of the 
administered calcium still remained in the diges- 
tive tract at the end of 18 hours A similar ob- 
servation was made by Cohn and Greenberg (14) 
m regard to the absorption of phosphorus 

A number of rats were rendered hyperthyroid 
by intrapentoneal injections of 0 1 mgm of thy- 
roxin per 100 grams of body weight given daily 
for 12 days The average basal metabolic rate 
of rats so treated, as determined in a closed circuit 
apparatus sirmlar to that used by Benedict and 
Macleod (15), is increased about SO per cent 
These rats were then used for the absorption ex- 
periment as desenbed 

Table II gives figures for the absorption of 
calcium by the hyperthyroid rats and by the cor- 
responding controls for each dose of calaum lac- 


TABLE n 

Absorption of calcium in normal and in hyperthyroid rats during fasting and on a calcium-free diet 


Dietary 
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tion 

ume 

Normal rats 
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tine. For this rcTSon, tlic fecal excretion of cal 
aum was determined m hyperthyroid rats over a 
2-dny period while the animals were limited to a 
daily ration of 4 grams of the calcium free food 
mixture 

In Table V it is seen that hyperthyroid rats on 
a restricted food intake excreted in the feces 35 
per cent less calaum than the hyperthjToid rats 
on an unlimited diet but 29 per cent more calaum 
than the normal animals 

c The effect of tiicrcased uilcsltml pcnstaUit 
In order to investigate the effect of increased in 
testinal pcnstalsis on excretion of calaum in the 
feces, tivo experiments were performed 

(7) The fecal calaum was determined over n 
2.day period in normal rats which were kept on a 
calaum free diet for 3 day s and received by mouth 
twice a day 2 drops of castor oil or 5 drops of 
fluid extract of cascara These amounts of castor 
oil or of cascara were not suffiaent to produce 
diarrhea in any of the animals As seen in Table 
V, the fecal excretion of calaum rose 74 and 76 
per cent, respectively, under the influence of these 
drugs, and almost equalled that of hyperthyroid 
rats In rats deprived of calaum for 10 days 
the fecal calaum was increased 96 per cent by 
ingestion of castor oil Administration of castor 
oil to hyperthyroid rats produced no appreaable 
increase in fecal calaum 

(2) The fecal calaum ivas determined over a 
period of 2 days in hyperthyroid rats on a calaum 
free diet whose intestinal penstalsis ivas slowed by 
two intrapentoncal mjections of 0.25 mgm of 
morphine sulphate a day From Table V it is 
seen that the fecal excretion of calaum in these 
rats was decreased 38 per cent 

4 Immediate effect of intravenously injected thy- 
roxin on absorption of dextrose 

In order to test whether intravenously injected 
thyroxin is capable of exerting its physiological 
action on absorption in the time allotted by Guas 
sardo and Peola the following expenment was 
performed. Five male rats fasted for 24 hours 
were anesthetiied with ether for the few iranutes 
necessary to dissect the jugular van and inject 
0 1 mgm of crystalline thyroxin in 1 cc. of physio- 
logical saline solution Twenty minutes later, 300 
mgm of dextrose per 100 grams of waght were 


admuuBtercd by stomach tube in the form of a 
20 per cent solution After allowing an hour for 
absorption the unabsorbed residue of dextrose m 
tlie digestive tract tvas determined As a control, 
4 more rats were subjected to the same procedure 
except that physiological saline solution was in 
jected in place of thyroxin The control anunals 
absorbed 128 ± 37 mgm and the rats Injected 
with thyroxin absorbed 119 ± 23 mgm of dex 
trose per 100 grams of ivaght. From these fig- 
ures It is seen that m rats mtravenously injeaed, 
thyroxin has no effect on the absorption of dex- 
trose for at least 1 hour and 20 minutes, which is 
30 minutes longer than the time allowed by the 
Italian workers 

COMMENTS 

Failure of the fasting hyperthyroid rats to ab- 
sorb more calcium from an excess of calaum lac- 
tate than was done by the corresponding controls 
indicates that there is no increase in permeability 
of the intestinal mucosa in hyperthyroidism Ad- 
ditional evidence that hyperthyroidism has no in- 
fluence on simple diffusion through the intestinal 
mucosa is seen m our previous experiment with 
xylose the absorption of which was not increased 
in this condition after abnormally rapid emptying 
of the stomach was controlled with beniednne 
(11) Consequently, increased permeabibty can 
no longer be considered among the possible factors 
causmg loss of calaum in the feces of hyperthy 
roid animals 

Several doses of calcium lactate and two differ- 
ent penods of absorption were used m this ex- 
penment to rule out the possibihty that with any 
one dose or time interval rapid excretion of newly 
absorbed calaum could have masked increased 
absorption of calaum 

We are mchned to ascribe the inaeased ab- 
sorption of calaum from the intestinal loop of the 
dog reported by Guassardo and Peola to some 
factor other than the action of thyroxin, because 
m repeating their expenment with rats, we were 
unable to demonstrate any action of mtravenously 
mjected thyroxm on the very sensitive mechamsm 
of intestinal absorption of dextrose, in spite of 
the fact that we doubled the time which these 
workers allowSed for their absorption expenment 

The ^ * ^^absorphon and excre- 
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table IV 


IrUsitnal excretion of calcium in normal and in hyperihyroid rats during fasting and on a calcium free diet 



Normal rata 

Hyperthyrold rata 

Dietary status 

Number 

of 

rata 

Range of 
oririnal 
■weight 

Loss of 
ivelght 
after 
fasting 

30 hours 

Amount of 
caldum 
found 

In the 
intestine 

Number 

of 

rats 

Range of 
original 
weight 

I-oss of 
weight 
after 
fasting 

30 hours 

Amount of 
caldum 
found 

In the 
intestine 

Fasting 

10 

crams 

160-212 

per cent 

79 

tngtn 

2 36db0 5» 

10 

trams 

165-200 

Per cent 

IS 5 

rngm 

1 95 ±0 46* 

Calcium free diet 

10 

170-230 

00 

3 94±0 28 

20 

200-313 

10 2 

4 69±0 74 


* Standard deviation 


animals is shoivn by the fact that 5 out of 9 rats 
died from hyperthyroidism before the end of the 
month However, the amounts of calcium foimd 
in their intestines were practically the same as 
those in rats treated with thyroxin for the usual 
12 days For this reason, in Table IV the figures 
for all fed hyperthyroid rats were combined 

3 Fecal excretion of calcium 

a The influence of thyroxin The calaum con- 
tent of feces was determined over 2-day penods 
in rats receiving our calaum-free diet for 3 and 
for 10 days, respectively, previous to collection, 
before and after 3 weeks of injections with thy- 
roxin Figures for the average daily fecal output 


of calcium under these conditions are given in 
Table V These figures show that the fecal out- 
put of calcium of rats depnved of calcium for 3 
days was more than twice that of rats that were 
on a calcium-free diet for 10 days, and that ad- 
ministration of thyroxin mcreased fecal excretion 
of calaum 98 and 100 per cent, respectively, m 
the two groups 

b The role of increased food intake Smee 
our hyperthyroid rats ate about twice the normal 
amount of food (8 grams per 100 grams of weight 
as against a normal of 4 grams), it was felt that 
the greater volume of food passing through their 
digestive tracts might be a factor in decreasing 
re-absorption of calcium excreted mto the intes- 


TABLE V 


Influence of thyroxin, of food intake, and of intestinal peristalsis on fecal excretion of calcium 


Thyroid status 

Experimental 
, condition 

1 

1 

Rats deprived of caldum for 3 days 
before stool collection 

Rats deprived of caldum for 10 days 
before stool collection 

Number 
of rats 

Range of 
weight 

Dally fecal 
caldum 

Number 
of rats 

Range of 
weight 

Daily fecal 
caldum 

Normal 

Food intake 

4 grams* 

10 

grants 

185-231 

1 

mBSMt 

4 

1 

grams 

220-275 

mgm 

2 04 

H\'pcrth>Toid 

Food intake 

8 grams* 

10 

187-227 

8 85±1 26 

4 

220-275 

1 

4 09 

H\T}erth>TOid 

Food mtake 

4 grams* 

10 

190-222 

5 79±0 35 




Normal 

Administration 
of castor oil 

10 

193-230 

7 77 ±0 99 

4 

180-211 

4 01 

No-mal 

Adrmmstration 
of cascara 

10 

187-245 

7 86±0 74 




HtTierthtToid 

Adramistration 1 
of morphmc 

10 

185-240 

5 51±0J8 


' 



• Per too grams of v. eight t Standard deviation 
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important part in the increased {ecal excretion of 
calaum by hyperthyroid rats was demonstrated 
by our experiment m which slowing of intestinal 
peristalsis ivith morphine markedly reduced the 
calaum content of the feces in such animals 

The presence of increased intestinal penstalsis 
m patients with hyperthyroidism is well known 
both through radiologic obseiwations and the oc 
currence of diarrhea in severe cases The same 
phenomenon was also observed experimentally 
(19) The opposite, namely, abnormally sluggish 
mtestmal penstalsis is diaractcnstic of myxedema 
m which there is also a markedly diminished fecal 
output of calaum In our rats injected ivith thy 
roxin, a tendency to diarrhea was also noted It 
was brought out particularly uhen somewhat irn 
tatmg substances such as xylose, phlonzin or 
oleic aad w ere administered (11) In the expen 
ment where a mixture of oleic aad and phlonim 
had to be given, all hyperthyroid rats developed 
diarrhea and we were forced to control this tend- 
ency wuth morphine before admmistcnng the mix- 
ture. Under similar arcumstanccs, no normal 
rats developed diarrhea 

Whether overeating or hyperpenstalsis has a 
greater influence on fecal excretion of calaum is a 
difficult problem to solve On the one hand we 
obtamed more deasive cxpenmcntal results by 
produemg increased peristalsis On the other 
hand a greater volume of food would not only 
cause the diffusion of more calaum from the 
blood but would also stimulate peristalsis 

If we accept hyperpenstalsis and overeating as 
the chief causes of increased fecal output of cal- 
aum in hyperthyroidism, we are able to account 
for several chmeal and expenmental observations 
heretofore unexplained (I) Our theory accounts 
for the loss of cnldum through the bowel in hyper 
thyroidism in the absence of hypercalcemia. (2) 
It explains why hvperthj roidism is the only dis- 
ease characterized by a negative calaum balance 
in which loss of calaum in the feces plays a promi 
nent part (6) ( 3 ) It explains the occasional 

absence of mcreased fecal calaum in hyperthy 
roidisra (7 8) by the fact that this is not a pri- 
mary feature of the disease but depends on the 
presence of mcreased intestinal peristalsis and 
overeating m themselves secondary mamfesta- 
tions of hyperthyroidism that may occasionally be 


absent (■#) In conjunction with the mechanism 
of intestinal absorption discussed above, our theory 
accounts for the absence of fecal loss of calaum 
in hyjierparatliyroidism and other diseases charac- 
tenzed by hypercalcemia and a negative calaum 
balance but lacking mcreased intestinal peristalsis 
and overeating In these condibons, an abnor- 
mally lugh level of calaum m the blood presumably 
leads to increased diffusion of calaum into the 
small intestine, but later this excess of calaum is 
re-absorbed m the colon with httle or no resultant 
loss of calaum m tlie feces (5) It probably ac- 
counts for the finding of Pugsley (20) that a 
negative calaum balance due to mcreased fecal 
output of calaum can be produced experimentally 
m rats by oral administration of very large doses 
of dimtrophenol While preparing rats for an 
absorption experiment woth administration of dmi- 
trophenol (11) by stomach tube twice a day m 
doses mucli smaller than the ones used by Pugs- 
Iqr, It was observed that many of our animals de- 
veloped spontaneous diarrhea and could not be 
used for the intended purpose. The probabdity 
that hyperpenstalsis rather than stunulation of 
metabolism was responsible for the mcreased 
fecal excretion of calaum obtained by Pugsley 
IS enhanced by his inability to produce a rise m 
fecal calaum with subcutaneous or mtrafientoneal 
injections of dmitrophenol which would obviate 
local irritation of the digestive tract. It is also 
significant that Robbins (21) found the excretion 
of calaum and phosphorus to be normal m patients 
receiving climcal doses of dimtrophenol that raised 
the basal metabohe rate to 37 per cent plus but 
presumably were not large enough to cause intes- 
tmal imtation. Our theory that mtestmal hyper- 
penstalsis plays an important part m the fecal loss 
of calaum m hyjjerthyroidism is supported by a 
recent article of Meulengracht (22) m which he 
describes the occurrence of osteomalacia of the 
spine due to daily use of cathartics over a long 
penod of time 

In view of our discovery that mcreased intes 
tmal penstalsis and overeatmg play an important 
part m the mcrease of fecal excretion of calaum 
m hyperthyroidism, it will be mteresting to see 
whether mcreased ehmmation of calaum m the 
urme, which takes place m this condition in spite 
of a normal or practically nonpal calaum level 
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tion of calcium are determmed not alone by la\%s 
of simple diffusion, if phosphoiylation plajs any 
role in its passage through the intestinal mucosa, 
^^as ruled out by the expenment in -which phlonzin 
V as used to inhibit intestinal phosphorylation -with- 
out any change in the amount of absorbed calcium 
Inadcntally, this expenment also proves conclu- 
sncly that phlorizin has no depressing effect on 
intestinal absorption in general 

The fact that the absorption of calcium lactate 
was not diminished in fed hyperthyroid rats indi- 
cates that no impairment in the intestinal absorp- 
tion of dietary' calcium exists in expenmental hy- 
perthyToidism due to increased absorption of 
compeUng foodstuffs or any other cause, pro-vided 
that an abundance of calcium is present in the 
intestine 

Turning to the question of intestinal excretion 
of calcium, -we must consider the mechanism of 
intestinal absorption According to Verzar and 
McDougal (16), the present conception of in- 
testinal absorption by simple diffusion is that, 
dunng passage through the small intestine, the 
ions present in its contents and those found in the 
blood plasma reach an equihbnum due to a two- 
t\'ay exchange of electrolytes between the lumen 
of the intestine and the capillanes When the 
fluid contents of the small intestine enter the 
colon, they are subjected to hydrostatic pressure 
which forces part of the water into the capillanes, 
rendering the remaining mixture hypertonic This 
causes the diffusion of more electrolytes into the 
blood The indicated process goes on until the 
food residues assume a solid consistency and are 
expelled as feces with little loss of ^aluable salts 
from the body This conception in application to 
the calaum exchange of the intestine is supported 
by the finding that, contrary to the opimon of 
earlier authors, no calaum is excreted into the 
colon (17, IS) 

In the light of this conception, -w e would expect 
increased diffusion of calaum from the blood into 
the small intestine only when the calaum le\el of 
the blood is increased This is found in hyper- 
thyroidism only to a slight degree or not at all 
(2 6), and therefore can hardly be a major factor 
in the loss of calaum through the bowel, espeaally 
since in h\-pcrparathyTOidism, w here the blood cal- 
aum IS definitely ele\-ated, there is no excessive 


excretion of calcium in the feces On the other 
hand, the fact that there is no active excretion of 
calaum into the intestine in hyperthyroidism, over 
that expected through normal diffusion from the 
blood, is demonstrated by the equal amounts of 
calcium found in the intestine of fasting normal 
and hyperthyroid rats It is m these animals that 
one w'ould expect to obtain the greatest difference 
in this respect if active excretion were taking 
place, because fasting has an inhibiting influence 
on penstalsis which is more active in hyperthy- 
roidism, and therefore in fed rats would tend to 
minimize the difference by sweeping out some of 
the extra calcium 

There remain two explanations for the increased 
fecal output of calaum m hypertliyroidism The 
first of these is that the approximately double 
amount of food passing through the digestive tract 
of hyperthyroid rats may interfere with normal 
re-absorption of excreted calaum This possi- 
bility ^vas sugested by our finding that both 
normal and hyperthyroid rats maintained on a 
calaum-free diet had more calaum m their intes- 
tinal contents than the fasting animals, and that 
this finding was more marked m hyperthyroid rats 
The expenment in which the food of hyperthyroid 
rats was limited to the amount usually consumed 
by normal animals shows that on a calaum-free 
diet an increased intake of food plays a defimte 
part m the loss of calaum through the bowel, al- 
though It does not account for all of it 

The second explanation is that increased intes- 
tinal penstalsis accelerates the passage of feces 
through the colon to such an extent as to inter- 
fere wnth normal re-absorption of excreted cal- 
aum This possibility \vas suggested by the fact 
that the fecal excretion of calaum by hyperthyroid 
rats IS markedly increased without a corresponding 
increase m the calaum content of the intestine 
Our experiments wnth adrmnistration of sub- 
purgative doses of castor oil or of cascara to nor- 
mal rats at two levels of fecal excretion of cal- 
aum ® show that the endogenous calaum m the 
feces is markedly raised by intestinal hyperpens- 
talsis, and that this factor alone could account for 
the total mcrease of fecal calaum m hjqierthy- 
roidism That penstalsis actually does play an 

* Following depni'aUon of calaum for 3 and for 10 
days, respectwely (Sec Table V ) 
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of the blood, can also be explained on the basis 
of an acceleration of the unnary floi\, an increase 
in the intake of water, or both Expenments to 
test these possibilities are under way 

Our data on the calaum exchange of the intes- 
tine do not contradict the extensive investigations 
of calcium metabolism m h 3 ^erthyroidism per- 
formed b\ Aub and his co-workers, which led to 
the conclusion that the source of the calaum that 
is being lost in this condition is tlie tertiary cal- 
cium phosphate from the bones But they fur- 
nish an explanation of the mechanism by which 
the loss of calcium in the feces takes place, creat- 
ing the necessity of drawang on the calaum re- 
scr\ es of the skeleton Our expenments are also 
of help in reconaling the often contradictory data 
obtained when some workers study the calaum 
metabolism in hyperthyroidism under conditions 
of a low' calaum intake while others allow an 
adequate dietaiy’ calaum 

SUMMARY 

1 Administration of thyroxin or of subpurga- 
ti\e doses of castor oil or of cascara to rats ap- 
proximately doubled the fecal excretion of calaum 

2 Restriction of the food intake or administra- 
tion of morphine markedly decreased the fecal 
output of calaum in h}'perth}'roid rats 

3 Increased permeability of the intestinal mu- 
cosa, active excretion of calaum, and increased 
absorption of food elements enjoying preferential 
intestinal absorption w'ere ruled out as fartors 
causing loss of calaum through the feces in 
hjperthjTOidism 

4 From these findings it is concluded that hj- 
perpenstalsis and oi creating are the chief causes 
of increased fecal output of calaum in hyper- 
thiToid rats maintained on a calcium-free diet 

5 The proposed theory of increased fecal ex- 
cretion of calaum in h 3 perthyroidism accounts for 
se\ eral heretofore unexplained climcal and expen- 
mental obseiwations in conditions associated writh 
a negatne calaum balance. 

6 There is no appreaable change in calaum 
absorption in h 3 perth 3 Toidism 
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In 1930 (I) a new way to produce a reversible 
acute uremia tvas described Tlie vena cava is 
tied abo\e the entrance to tlie renal veins In the 
rat this induces such an extreme congestion of the 
ladnc)5 that tlie secretion of unne stops The 
venous blood from the kidneys is obliged to run 
douai the vena cava to the pclvas and find its way 
back to the heart tlirough veins in the abdonimal 
wall The enlargement of tlicsc vains can be fol 
lowad from day to day since they arc visible 
through the pentoneum when the abdomen is 
opened As this compensatory venous return de- 
velops, the congestion of the kidney decreases 
unhl on the second day after operation the seerc 
bon of a small amount of dilute unne begins 
It contains a high concentration of protein and 
many renal failure casts But tlie rate of excrc 
tion of urea is sbll deficient so tliat it is not until 
the third day that the blood urea concentrabon, 
now at very high levels — frequently more tlian 
400 mgm per 100 cc. — begins to decrease There- 
after the rates of protein, cast, and cell excrebon 
dimimsh unbl by the seventh day after operabon 
there is no longer any anatomical or functional 
evadence of a renal lesion In all cases the rats 
with bed vena cavas look sick, take vety httle food 
or water and frequently have a tremor of the 
enbre body, exaggerated on effort Some of 
them die at the height of the toxic state. 

There are advantages in working vvibi a form 
of uremia relabvely simple in its pathogenesis and 
reversible by natural means but expenence has 
shown that vahd conclusions with respect to the 
effect of any experimental factor can be drawn 
only if there is ngid muformity with respect to 
the operahve techmque the sex, age and general 
condibon of the rats that are used The opera 
bon itself is done m less than a minute. The ab- 
domen IS opened by cutbng with sassors along the 
nght costal margin The nght kidney is pulled 
downwards vvith ins forceps and, with a curved 

1 This work was aided by a grant from the Rockefeller 
Foundation. 


needle a thread is passed round the vena cava and 
bed One stitch is needed for the muscles and 
the skin is closed wnth clips In the expen 
ments reported here only females were used 
The mortality increases with age. In this work 
the age of tlie rats was 125 days The anunals 
used were of the Slonaker strain from which the 
Wistar Insbtute colony was denved They had 
been reared under quite constant condibons on 
the same diet They were not at all disturbed by 
liandhng This may be an important variable, 
for all of a small senes of rather wild fnghtened 
rats operated on m another laboratory died almost 
at once vnth signs of venous congestion of the 
lower hmbs 

Death m uremia constantly follows cessabon or 
any conbnued extreme decrease in tlie secrefaon 
of unne, and so the cause is presumably the reten- 
bon of some unnary consbtuent But, since in- 
jeebons of sucli substances as urea or creatmine 
are meffecbve it is often supposed that the causa- 
bve agent may be some as yet imidenbfied unnary 
constituent, probably some nitrogen-contaimng 
denvabve of protein metabolism. If this hy- 
pothesis is correct, change in the rate of protein 
metabolism induced by vanabon of the amount of 
protem consumed as food by altenng the con- 
centrabon of the hypothebcal toxic substance, 
should induce corresponding differences m the 
number of ammals dying from uremia after the 
operabon 

In construebng the diets used m these expen 
ments it was thought that denvabves of protein 
metabolism assoaated with the proteins m certain 
foods might be iraportanL Thus casein is a rela- 
bvely pure protem whereas, when meat is taken 
biere is with the protein a not mconsiderable 
quanUty of nucleic acid and its denvabves along 
with creabn and many known and unknown ni- 
trogen-containmg substances that are not proteins 
So we ground up fresh meat hver and kidney 
and dned them quickly m a current of warm air 
These air-dry foods were made up m 70 per cent 
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In the work reported m this paper wie were 
concerned wnth factors winch affect the survival 
tune of totally nephrectomized rats The pur- 
pose of tlus IS to obtain knowledge about tlie 
causes of death in acute anuna and to get m 
formation which would be of value in the treat- 
ment of acute anuna Such information can be 
applied in tlie treatment of chronic renal msuf- 
fiaency and wall also to some extent aid in tlie 
understanding of tlie mechanisms of the disturb- 
ances in this condition One need only to refer 
to the recent review of Hamson and Mason (1) 
to see wliat a complicated condition chrome 
uremia may be Acute anuna is undoubtedly 
mucli simpler and one is justiBed m considenng 
each separately 

The method of investigation ivas simple. We 
nephrectomized groups of rats and determined 
tlie effects of different expenmcntal conditrons 
and agents on the survival time of the ammals 
We have attempted to vary only one factor at 
a time bj liaving a group of control anmials 
treated exactly as the e-xpenmental group except 
for the one vanable that was being mvestigafed 
Tlie vanables studied were age, sex food and the 
administration of certam substances which were 
suggested by the results of tlie feeding expen- 
men ts 

Control groups and effect of sex and age 

Our first concern was to determine the best ex 
pcnmental conditions, the vanability in controls, 
and the effect of ordinary physiological vanants 
such as age sex and nutntional state. For age 
and sex 4 groups were taken Group 1 96-day 
old females Group 2 99-day-old males. Group 3, 
females over 200 days old. Group 4 males over 
200 days old All rats were fasted 24 hours 
before operation but were allowed water of which 
they drank very little No food or water was 

1 Aided in part by a grant from the Ella Sacha Ploti 
Foundation for Medical Research, 


given after nephrectomy Pnor to this they had 
been on a stock diet This contained yellow com 
meal, whole wheat flour, dned milk and the neces- 
sary salts and vitamins The average weights of 
the groups were as follows Group 1 (20 rats), 
84 grams Group 2, (21 rats), 89 grams Group 
3 (20 rats) 161 grams. Group 4, (16 rats), 
239 grams The survival times are plotted in 
Figure 1 Groups 1 and 2 survived an average 
of 40 and 44 hours compared to 75 and 82 hours 
for Groups 3 and 4 It is quite apparent that 
young rats cannot survive total nephrectomy as 
well as adult rats Sex has little effect on sur- 
vival fame, females hving shghtly shorter periods 
than males 

Preoperative fasting period 

The effect of preoperative fast was determined 
in 3 groups of adult males Group 4 (reported 
above) was fasted 24 hours Group S was fasted 
48 hours and Group 6 received the stock diet up 
to the time of operation Neitlier food nor water 
was given after operation Group 5 (18 rats) 
had an average weight of 260 grams and Group 
6 (20 rats) 252 grams The survival times are 
plotted m Figure 1 The average survival times 
for 0, 24- and 48-hours fast are 79, 82, and 
94 hours respectively Group 7 illustrates the 
effect of water admimstrahon after nephrectomy 
Five cc distilled water was given by stomach tube 
to these rats every 24 hours There is a defimte 
shift of the entire group towards shorter survival 
as compared to Group 4 and the averages of the 
2 groups are 67 hours and 81 hours Considenng 
the closeness of the grouping in the 2 groups one 
IS justified in concluding that water m tlus amount 
(about half the normal intake of rats) is harm- 
ful here. This group serves as our control for 
all expenmental groups which were given solu 
tions postoperative. The volume of the solutions 
given in these cases was about the same as that 
of the water m this group 
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tomizcd rats dunng one hour before operabon 
If these latter animals had eaten as much meat as 
the former, undoubtedly their life would have 
been much shorter due to the combined action of 
the large amount of potassium and of the other 
toxins 

SUMMARY 

Tlie low vanabilitj of the survival hme of the 
standard nephrcctomized rat makes it an excel 
lent test object for the study of the toxic mcch 
anisms in renal insuffiaency and for the study of 
the efficacy of different therapeutic measures in 
this condition. 

The conditions for the test animals must be 
very closely controlled as certam physiological 
factors affect this surviral time Immature rats 
have definitely shorter survival times than the 


adult Fasting brings about a shght prolongabon 
of life Water (m an amount approxunatmg tbe 
ordinary intake of the rat) is deletenous when 
given after nephrectomy Glucose is benefiaal 
Meat (fed immediately before operabon) is 
defimtely tome 

The unne of fasted rats contains tome mate 
rials but the amount of these poisons is not enough 
to account quantitabvelv for the entire toxic con- 
dibon which supervenes after nephrectomy 
Potassium is harmful and is responsible for 
part of the toxiQfy of meat 

BIBLIOGRAPHY 

1 HarrUon, T R., and Mason, M. F., Pathogenesis of 
uremic syndrome. Medlane, 1937 16 1 
Z Fuhberg A. M., Hypertension and Nephritis. Lea 
and Fcbigcr Philadelphia, 1935 3rd Edition. 



780 


HYJIAN C BERGMAN AND D R DRURY 


the unne of meat-fed rats is potassium The 
toxiaty of potassium seems to be roughly propor- 
tional to the amount given Potassium is not 
markedly toxic ^\hen given m smaller amounts 
'When only one dose of the above solution (17 
mgm potassium per 100 grams of rat) -was given 
to 5 rats, the average survival time was 57 hours, 
and when 6 mgm per 100 grams of rat were 
given the average survival time (8 animals) ivas 
69 hours 

It IS apparent that potassium is toxic to nephrec- 
tomized animals and undoubtedly a definite part 
of the toxicity of meat m this condition is due to 
this element. But the entire toxiaty cannot be 
ascnbed to it Examination of the results ivill 
show this As stated previously, under effect of 
deeding, the group of ammals fed meat immedi- 
itely before nephrectomy, ate an average of 5 
jrams and the average survival time was 39 
lours The average potassium intake per rat 
,vith this meat would be 15 mgm and the average 
ler 100 grams of rat would be 102 mgm The 
^ect of intake of such an amount of potassium 
would be expected to give a survival time between 
that of the 2 groups mentioned above (6 mgm 
— 69 hours and 17 mgm — 57 hours) or something 
like 63 hours as compared to the actual survival 
of 39 hours On the other hand, examination of 
our results -with regard to the toxic factor m the 
permuht-treated unne of meat-fed ammals re- 
veals that potassium is the mam source of the 
toxic actinty there These two statements are 
not necessanly irreconalable All the toxic 
agents of meat may not be present in the permutit- 
treated unne of meat-fed rats The kidneys may 
dispose of some of the toxic products of meat in 
other irays than just by excretion of them Then 
again ammonia may play an important role m 
this toxiaty, and finally it is possible that the per- 
mubt removed other toxic matenals along ivith 
the ammonia 

DISCUSSION 

Our purpose in this paper is not to solve with 
am simple formula the nddle of uremia A read- 
ing of the revieiis of Hamson and Mason (1) 
and of Fishberg (2) will comnnce one that the 
problem is ver> comphcated and will probably 
need jears of careful systematic research to un- 
ra\el completel} Pnmanly we wash to present 


here a method and to show its fitness for the 
investigation of certain phases of this problem 
and Its use m obtaimng information of value in 
the therapy of renal insuffiaency The low van- 
ability in the survival time of the standard ne- 
phrectomized rat under any well-defined set of 
conditions makes it easy to determine whether 
any given factor or procedure is harmful or bene- 
ficial in renal insufficiency One has the advan- 
tage of simpliaty in dealing with acute insuffi- 
aency rather than chrome insufficiency since the 
chronic state is definitely more comphcated than 
that following nephrectomy This method should 
be of value too in studying those mechanisms 
present in both acute and chronic uremia 

Our results with the unne-fed animals indicate 
that the detoxifying function of the kidney is 
earned out to a considerable extent by excretion 
of the toxic products in the unne That certain 
of the ordinary products of normal metabolism are 
toxic and are ehminated as such in the urine fol- 
lows from our observation that the urine of fasted 
animals shortens the life of the expenmental ani- 
mals It IS not quantitatively so, however, since, 
when we gave the unne of normal fasting rats 
excreted during 48 hours to the nephrectomized 
rats, it did not shorten their hves 48 hours but 
17 hours (these animals received about the same 
amount of water with the unne as did the control 
group, t e , their average survival times were 50 
hours as compared to the control group’s 67 
hours) We cannot, then, think of the toxic prod- 
ucts of normal metabohsm entirely as simple 
poisons that are produced at a certain rate and 
excreted in the unne as such, nor can we think 
that if they are dammed back when the kidney 
IS not excreting them they will kill the animal 
when their concentrations reach a critical value 
The mechanism is not as simple as that and we 
intend continuing our mvestigation of this phase 
of the problem 

Our results indicate that potassium is toxic to 
nephrectomized rats, that meat feeding is also 
harmful, and that part of this action of meat is 
attributable to the potassium it contains The 
urine of meat-fed rats is highly toxic and the 
chief poison m it (after permutit treatment) is 
potassium Our meat-fed rats from which we 
were collecting unne ate per day aji average of 
twice as much meat as did the meat-fed nephrec- 



CHANGES IN THE GLUCOSE TOLERANCE OF OBESE SUBJECTS 
AFTER WEIGHT REDUCTION 

By ROGER S HUBBARD and EDGAR C BECK 
(From Ihc Buffalo General Hospital and the Vntversity of Buffalo Medieal School Buffalo) 
(Received for pubHcotion Jamnry 6 1939) 


In a previous publication (1) a summary of 
studies made upon obese subjects was presented 
Included in this article was a discussion of the 
changes in blood sugar concentration ahich fol 
lowed the ingestion of 1(X) grams of glucose by 
patients who were overweight These patients 
showed a somewhat low tolerance for sugar an 
observation which is m accord with that of a 
number of investigators (2 3 , 4 5 ) After die- 
tary therapy had been instituted and continued 
for some time the patients show ed some improve- 
ment m the tolerance tests, but the change was 
slight and ivas not considered defimtely significant 
Dunng the past four years the number of patients 
studied has increased greatly and a fair propor- 
tion has been reduced approximately to normal 
weight by dietary therapy It has seemed desir- 
able to examine the question again at this time 
for m several recent papers (6 7 8) it has been 
suggested that reduction of weight has a definite 
effect upon the glucose tolerance. 

The literature upon the glucose tolerance test is 
extensive It has been reviewed recently by Herr 
mann (9) and by Myers and McKean (10) and 
will not be discussed here m detail There are, 
however, a few points more or less closely con 
nected with the subject of this communication 
which should be emphasiied Not only does a 
large number of pathological states affect the test, 
but certain phvsiological conditions may also m- 
fluence it (11) Among the non pathological 
causes of vanations, age the presence of vanous 
emotional states, includmg fatigue and the diet 
taken pnor to the test may be mentioned spe 
cifically It IS not strange therefore, that Lennox 
(12) and others have observed rather marked 
irregulanties m the results of repeated glucose 
tolerance tests upon the same subject The oc 
currence of these makes it necessary it seems to 
the authors to collect data suitable for statistical 
analysis before vabd conclusions can be drawn 
concemmg the effect of any procedure upon glu 
cose tolerance curves 


The existence of some relahonship between 
obesity and diabetes seems to be quite generaBy 
accepted (13) This relationship has led many 
investigators to study the glucose tolerance of 
obese subjects The results of these studies have 
been somewhat confusing A few cases of hypo- 
glycemia have been noted m such patients (14 
IS, 16) but high blood sugar values have been 
observed much oftener (5) Frequently there is 
some other condition present, such as advanced 
age or hyjiertension, which appears to have a di- 
rect influence upon glucose metabolism. This 
often makes a study of the specific effect of obesity 
difficult (5, 17) and some authors have not found 
satisfactory evidence that obesity itself is closely 
associated with abnormalities of glucose tolerance 
(18) Since the results upon untreated obese sub- 
jects appear to vary markedly, it is evident that 
the interpretabon of changes after any therapy is 
difficult 

There are few papers m which the effect of diet 
and w eight reduction is so reported as to be com 
parable with the results obtained in this chmc 
In 1931 Tyner (19) stated that the nse m blood 
sugar following Bnll s test meal (20) was less 
marked after 12 patients had been on a restneted 
diet than it was when they were first seen In 
three more recent papers (6 7, 8) other expen- 
ments are described In each of these later 
studies attention was centered upon the dietary 
treatment of patients selected because some ab- 
normality of the glucose tolerance test was found 
in a prehmmary examination. Each author shows 
clearly that dietary therapy produang loss of 
weight was accompamed m these subjects by an 
improvement in the glucose tolerance. In one of 
these papers (8) by Newburgh and Conn it is 
suggested that this improvement is directly asso- 
ciated with the change m weight Smee only 
patients with abnormal imtial tests were mcluded 
in these studies it is difficult to determine whether 
the findings are apphcable to the average obese 
subject 




GWCOSE T01.HtA15CE TO DBESITV 


785 


were not markedly so The results of the sep- 
arate tests upon the 39 patients m the senes were 
compared with normal values for the procedure 
used as given in a recent paper by McCuUagh 
and Jolmston (24) In 27, or 69 per cent of the 
subjects, the fasting blood sugar was higher than 
120 mgm per 100 cc,, the value which these au- 
thors accept as normal Eighty seven per cent of 
the patients showed some abnormality but in most 
instances, the degree of the abnormality was not 
marked In S of (he tests all four blood sugar 
values were wotliin normal limits In 9 the fast- 
ing blood sugar alone was high and in only 7 
were all four blood sugar concentrations abo\c 
normab 

It seemed desirable to determine whether a 
relationship between the degree of the obesity and 
the relatively slight abnormabty shown by the 
glucose tolerance tests could be demonstrated 
According!) the correlation coeffiaent between 
the sum of the four blood sugar values and the 
per cent by which the patients exceeded their ideal 
weight vras calculated This coefliacnt was 
4-00S±011 It has been suggested by Ogilvic 
(5) and Newburgh and Conn (8) that the dura- 
tion of the obesity indirectly affects the tolerance 
for glucose and that the age of the patients serves 
os a rough mdex of the time dunng which the 
patients liavc been or erw eight The correlation 
coeffiaent between the age and the sum of the 
four blood sugar -wilucs ivas therefore calculated 
It was -1-0 17 ±010 Of the 5 patients with 
completely normal glucose tolerance tests 3 were 
below and 2 above the average of the ages for 
the whole senes Of the 7 patients 30 jears old 
or less only 2 showed glucose tolerance curves 
which were completely normal Although no 
positii e evidence of a correlation between cither 
the degree or duration of the obesity and the 
changes in the glucose tolerance curves of these 
patients ivas demonstrated nevertheless the au 
thors beheve that there probably is some relation 
ship between the obesity and the changes in the 
tolerance test There seems to be no other pos- 
sible explanation for the occurrence of such a 
large number of abnormal values in patients se- 
lected as these patients were 

In Table II are given the results of glucose 
tolerance tests before and after waght reduction 
by the dietary therapy described. There is no 
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• Under before wngbt reduction arc the averagea of 
the results of glucose tolerance testa made when the 39 
patients studied were first seen 

t Under after weight reduction are the value* ob- 
tained by an Identical procedure after the weight* of the 
patients had been reduced to approximately normal values 

Average values were also computed They were not 
aignlficantly dllferent (com the median smlnts given and 
have therefore been omitted 

doubt that the values found after treatment were 
much lower than those obtamed when the patients 
were first seen, lc that an improvement m tol 
erance had taken place. The total improvement 
can be convemently expressed by calculating the 
decrease m the sum of the four blood sugar values 
The average and median values of this decrease 
were 115 ± 9 and 130 ±11 mgm. per 100 cc. 

Changes of this order of magnitude are cer- 
tainly too marked to be attributed to the ordinary 
causes which produce fluctuations m the glucose 
tolerance test. They must be assoaated wath 
some factor which is common to the whole senes 
of patients Only tivo such factors seem worth 
considenng These are the clianges in the weight 
of the patients and the low diet wluch ivas fed 
dunng the penod of therapy It has been re- 
ported that each of these may affect the glucose 
tolerance test An attempt was made to deter 
mine whether there was any evidence of an effect 
of either of these two factors upon the glucose 
tolerance test The relationship between the 
change m weight and m the test can be expressed 
by the correlation coeffiaent between the per cent 
change m weight and the change in the sura of the 
four blood sugar values This coeffiaent was 
-f 0 37 ± 0 09 ’ The only possible basis for a 

•The corrdahon 
in potmds and the 
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The data given below are based upon studies 
of patients who presented themselves during the 
past five years at the out-patient department of 
the Buffalo General Hospital Among the pre- 
hminary studies was a glucose tolerance test which 
was earned out as follows A speamen of venous 
blood was taken from the patient while he was 
in the post-absorptive state He then ingested 
100 grams of glucose dissolved in 250 cc of ivater 
Thirty minutes, one hour and two hours after the 
glucose was ingested specimens of venous blood 
were drawn Blood sugar concentrations were 
determined by Myers’ and Bailey’s (21) modifica- 
tion of the picnc aad method of Lewis and Bene- 
dict (22) Patients were then seen by one of the 
authors (E C B ) who prescribed the diet con- 
sisting of 80 grams of protein, 40 grams of fat 
ind 40 grams of carbohydrate described in detail 
in the preceding article (1) The patients were 
seen at fortnightly intervals thereafter, and rec- 
ords were made of their weights and of changes 
in their symptoms At each visit the diet was 
discussed and the patients were urged to carry 
out the treatment carefully It is probable that 
the diet was not followed exactly, but the reduc- 
tion in food intake must have been marked, for 
substantial losses in weight were shown by the 
majonty of the patients who maintained their 
relationship with the clinic When the weight had 
been reduced to an extent which seemed reason- 
ably satisfactory, the glucose tolerance test was 
repeated^ The present article is based upon a 
study of 39 patients who were brought approxi- 
mately to normal weight No method of selection 
was used except that patients with diabetic symp- 
toms were not studied Otherwise, all patients 
presenting themselves at the clinic whose weight 
was reduced to an extent which the physiaan in 
charge (E C B ) considered reasonably satisfac- 
toiy, and upon whom a second tolerance was ob- 
tained after w'eight reduction, have been included 
Of the 39 patients all but 2 were women Their 

Upon onlj 5 of the 39 paUents were tests earned out 
bet^seen the initial one and the studies made after weight 
reduchon. Two patients were studied twice and 3 once 
during the penod of treatment Smee the therapy vras 
contmued for an average penod of 350 da>s, it seems 
improbable that an> differences noted between the two 
sets of tests could be attnbuted to adaptation to the 
procedure. 


ages ranged from 25 to 72 years (only one was 
over 70) and averaged 44 years Their initial 
weights averaged 200 pounds and ranged from 
151 to 265 pounds Only 2 weighed less than 160 
pounds In companson with the figures given in 
Davenport’s table (23), these patients averaged 
52 per cent above normal weight The individual 
weights ranged from 12 to 97 per cent above nor- 
mal Only 2 were less than 25 per cent above 
normal The average time during which the pa- 
tients took the diet before the tests were repeated 
was 350 days, with extreme values of 196 and 
862 days Dunng this penod they lost between 
26 and 110 pounds apiece The average weight 
lost was 58 pounds At the end of the penod 
their weights averaged 8 per cent above normal, 
with a range of from 10 per cent below to 25 
per cent above that figure Only 1 was more than 
20 per cent and only 4 were over 15 per cent 
above normal 

Before proceeding to an analysis of the data 
obtained upon these patients, it seemed desirable 
to determine whether the results of the glucose 
tolerance tests made upon them can be regarded 
as approximately representative of those of a large 
group of obese subjects Table I shows that 


table I 

Results of glucose tolerance tests made upon patients when 
they entered the clinic 
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• Under "233 cases” are the results of glucose tolerance 
tests made upon all of the obese patients who were studied 
when they first entered the clinic 

i" Under "39 cases" are the first results obtained upon 
the patients who were also studied after their weights had 
been reduced approximately to normal 

they can be properly so considered, for the aver- 
ages of the results upon these 39 patients are 
practically identical with those obtained upon 235 
patients who were accepted for treatment by the 
obesity chnic. 

These average .initial figures were high but 
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are knoOTi to influence such tests in two distinct 
tvays Starvation (31) and prolonged undemu- 
tnbon (32) frequently produce a lowering of the 
fasting blood sugar On the other hand fasting 
(33) and the ingestion of diets low in carbohy- 
drate (34) cause an increase in the rise of blood 
sugar which follows the ingesbon of a test dose 
of glucose. To determine tlie significance of the 
changes shown m Table II it is therefore neces- 
sary to see whether the changes in tlie fasbng 
blood sugar, in the nse which follows the inges 
bon of a test dose of glucose or in both are 
sigmficant The median change m the fasbng 
blood sugar was 17 ± 1 0 mgm per 100 cc., all 
patients but 4 showed some decrease The de- 
crease in the total rise after glucose ingesbon 
(the sum of the differences between tlie blood 
sugar concentrabon and the value found in the 
fasbng blood ) ivas 93 ± 9 4 mgm per 100 cc. 
all but 4 pabents showed some decrease The 
median decrease in the maximum nsc above the 
fasbng blood sugar level was 36 ± S 1 mgm per 
100 cc , onlj 6 pabents failed to show this de 
crease It is evident that a large proporbon of 
the 39 pabents showed decreases botli in tlie 
fasting blood sugar and m the nse following the 
ingesbon of the test dose of glucose, and that 
both changes were significant Exammabon of 
the data available in other reports (6 7, 8) shows 
tliat such findings are usual when rcducbon m the 
weight of obese subjects is brought about by 
dietary therapj 

It seemed desirable to determine whether these 
changes persisted when a diet more liberal than 
the one used m tlie therapy was ingested The 
foUowmg experiment was devised to mvcsbgate 
tius quesbon After the degree of weight reduc- 
bon was considered fairly satisfactory some of 
the patients were urged to eat a more hbcral diet 
and the amount of food prescribed was increased 
by the addibon of 200 to 250 grams of carbo 
hydrate After they had taken these unproved 
diets for about two months 25 of the pabents 
returned to the hospital for another glucose toler- 
ance test They had gained very httle weight 
during this period The results of all the tests 
upon these 25 pabents are given m Table III It 
ts evident that there was no apparent decrease m 
the tolerance foi/owing the increase in the diet 
Instead there seems to have been a sbght further 
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These resulta were obtained upon 25 patientfl who were 
studied three times 

• Under before weight reduction ' are the hgurea 
obtained upon these patienta when they were first seen 
t Under after weieht reductfoa — low diet are the 
figures when they had been redueed approximately to 
normal weight while talong the diet first prescribed, 
t Under ' after weight reaction — liberBl diet are the 
results found when they bad been upon a more liberal diet 
for between one and two months as described m the text 
Averages were also computed They were not slgnlfi 
cantly different from the median values glvtn and nave 
therefore been omitted 

improvement The median fall in the sum of the 
four blood sugar values was 34 ± 14 mgm. per 
100 cc. Tills change was largely or wholly due 
to a change in the nse of blood sugar after the 
ingesbon of glucose, for the median fall m the 
fasbng blood sugar was 2 b: 2 4 mgm per 100 cc , 
and that of the decrease m the total nse after the 
ingestion of glucose was 26 ± 13 1 mgm per 100 
cc The latter diange may correspond to the 
normal response shown by glucose tolerance tests 
when an increased amount of carbohydrate is in- 
gested pnor to the exammabon but it is probably 
so sbght as to deserve no emphasis The change 
in the fasbng blood sugar certainly is of no 
significance. 

It seems to tlie authors that only two explana- 
bons can be offered for the sigmficant changes 
produced m the glucose tolerance tests of these 
39 pabents The first is a direct effect of diet 
upon the test It is possible that when diets low 
in carbohydrate are ingested for long penods of 
bme they do not cause the usual increase m the 
blood sugar nse after a teat dose of glucose but 
instead cause a decrease. Tlus seems improbable, 
but not perhaps wholly impossible On tlie basis 
of such an explanation for the findings an in- 
terpretation of the results obtr — ' **’* 
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calculation of the effect of diet in these studies 
the rather unsatisfactory one based upon the 
length of time during which the diet was ingested 
The correlation coeffiaent between the number of 
days on the diet and the total change m the glu- 
cose tolerance test was -f-O 14 ± 0 10 It is clear 
that these calculations funush no evidence that 
the diet has 'directly produced the improvement m 
the glucose tolerance test They do suggest that 
this improvement may be assoaated with the 
decrease in weight 

The individual glucose tolerance curves ob- 
tained after treatment were also examined to 
determine whether many of them were markedly 
abnormal In 30 of the 39 patients all of the 
blood sugar values in such a test were within the 
normal limits given by McCullagh and Johnston 
(24) In only 3, or 8 per cent, were the fasting 
blood sugar concentrations greater than 120 mgm 
per 100 cc Only 3 patients showed high values 
in more than one of the four blood speamens 
Of these 3 only 1 gave high values m all spea- 
mens In the tests upon 4 of the patients a value 
which was slightly (5 mgm per 100 cc or less) 
below the normal was found in a single speamen 
It is evident that the tests upon most of the pa- 
tients after dietary therapy should be considered 
normal 

Not only the actual values found in the final 
tests, but also the differences between the imtial 
and final tests were studied Only 4 of the pa- 
tients failed to show a decrease m the sum of 
the four blood sugar values These 4 included 
the 3 patients referred to in the preceding para- 
graph, who had high blood sugar values in more 
than one speamen An examination of the clin- 
ical histones of tliese 4 patients was made to 
determine whether any explanation could be 
found for the failure of these tests to respond 
dunng treatment as did those of 90 per cent of 
the subjects studied The results of this exami- 
nation were suggestive, but no entirely satisfac- 
tory explanation of the failure was found Three 
of the 4 patients showed hypertension \vith retinal 
signs of artenal damage, findings often assoaated 
^\^th abnormal glucose tolerance curves (25), but 
this chmcal condition did not seem to be more 
marked in these 3 patients than in others in the 
senes One of these 3 patients Avas the only sub- 
ject over 70 years old included, and her advanced 


age may have directly affected the glucose toler- 
ance test (26, 27) The fourth patient in the 
group was suffenng from arthntis, and it has 
been repeatedly reported (28, 29, 30) that most 
of the patients with this disease have abnormal 
glucose tolerance curves However, 3 other pa- 
tients with arthntis showed an improvement in 
tolerance following the penod of therapy, and it 
IS probably not proper to place great emphasis 
upon the presence of this disease as an explanation 
of the failure m this mstance 

Since most of the authors who have studied 
changes m the glucose tolerance test dunng waght 
reduction (6, 7, 8) have chosen as subjects 
persons with distinctly high imtial tests, and since 
the patients discuSsed in the present paper were 
not selected m this way, the data were studied 
to see first, whether there was any correlation 
between the initial tests and the changes observed 
after treatment, and, second, whether the patients 
with tests which were approximately normal 
showed changes similar to those noted in the ma- 
jority of the subjects The correlation coef- 
fiaent between the sum of the imtial four blood 
sugar concentrations and the change in that value 
after treatment was + 0 32 i 0 10, probably de- 
notmg a significant but not a very marked corre- 
lation Of the 5 patients with all of the four 
imtial blood sugar values within normal hmits, 2 
showed deaeases which were probably withm the 
limit of error of the technical method used, but 2 
others showed clianges which were greater than 
the average of the whole senes of patients One 
of these 5 patients had a concentration of sugar in 
the speamen drawn 0 5 hours after the ingestion 
of glucose which was shghtly (5 mgm per cent) 
below the normal value given by McCullagh and 
Johnston All the other values were withm the 
rather wide normal range given by those authors 
These results, while they show that the most 
marked improvement m the glucose tolerance 
occurs m patients -with the most markedly ab- 
normal initial values, show also that the response 
of practically all obese subjects to waght reduc- 
tion through dietary therapy is probably essentially 
the same 

Before proceeding further with a discussion of 
the results, a somewhat detailed consideration of 
the known effect of diet upon the glucose toler- 
ance test IS necessary Diets low m food value 
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normal glucose tolerance tests was high (87 per 
cent) but the degree of abnormality was not 
marked After weight reduction liad been pro- 
duced by dietary therapy, 90 per cent of the pa- 
tients showed some improvement m the test and 
onl} 23 per cent showed any abnormality demon 
strablc bj the mctliods used The improvement 
m tolerance appeared to be due to the weight re- 
duction rather than directly to the diet, for (7) 
the change in the curve persisted wlien the amount 
of carbohjdratc fed wTis increased (2) vvas of a 
t> 7 )e whidi could not readily be explained by the 
ingcshon of diets low in food value and (5) 
paralleled roughly the changes in weight 
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provement in the diet is very difficult Statistical 
analysis afforded no evidence favoring such an 
explanation A second possible cause of the re- 
sults IS some direct or indirect effect of weight 
reducfaon upon the metabolism of glucose Such 
an explanation avoids the difficulty in interpreting 
the change in the nse of blood sugar after the 
test dose of glucose It affords an adequate ex- 
planation of the persistence of the improvement 
when the more liberal diets were ingested It is 
supported to some extent by the existence of some 
degree of parallehsm between the change in weight 
and the improvement m the glucose tolerance 
The authors believe that some effect of the change 
in weight upon the glucose tolerance is probably 
the correct explanation of the findings presented 

It IS difficult to decide by what mechanism the 
change in weight may have affected the glucose 
tolerance Certain theories have been advanced 
by investigators who have discussed the rather 
extreme cases which sometimes simulate diabetes 
melhtus Sherrill (35) has suggested that there 
may be a defiaency of insuhn production in obese 
glycosunc patients Since Newburgh and Conn 
(8) showed tliat such subjects bum glucose as 
readily as do normal persons, this explanation 
cannot be considered wholly satisfactory How- 
ever, it seems possible that the amount of insulin 
formed by these subjects does not completely meet 
tlie needs of the patients when their weight is 
maximal but does so after the waght has been 
reduced Newburgh and Conn (8) beheve that 
the deposition of fat m the liver prevents that 
organ from removing glucose from the arculating 
blood as readily as it normally does This theory 
seems adequate to account for tlie initial abnor- 
mahtj of the blood sugar nse after glucose in- 
gestion, and for the improvement m that nse 
after weight reduction It is not quite so clear 
how the frequent high \'alues of the fasting blood 

“ Further endence favoring the existence of a relation- 
ship between v-anaUons m weight and m the glucose tol- 
erance test IS afforded by the results upon the case of 
recurrent obesitj reported by Newburgh and Conn (8) 
This patient showed abnormal glucose tolerance cuiwes 
on two occasions when she was overweight, and normal 
tests upon two occasions when her weight had been 
brought to normal bj dictarv therapj One of the 
authors of the present commumcation (E. C B ) has 2 
patients under observation at the present time who are 
apparentlj showing sunilar variations, but the studies 
upon them have not been completed. 


sugar of obese subjects can be explained by it 
This cntiasm is probably not an msurmountable 
one, but it does make the authors hesitate to ac- 
cept the thesis without reservations It seems 
best merely to state that in obese subjects the 
metabolism of glucose is very frequently some- 
what different from that of the average normal 
person, and that when the weight is reduced the 
degree of this abnormality is very often decreased 

A companson of previous studies with the pres- 
ent one shows one thing quite dearly There 
was no sigmficant quahtative difference between 
the responses m tlie group of experiments re- 
ported here and those which have been described 
by other investigators The quantitative differ- 
ences, however, were marked These differences 
were largely or wholly due to the methods used 
m selecting the patients In work previously pre- 
sented, only patients with markedly abnormal glu- 
cose tolerance curves, frequently simulating 
dimcal diabetes (8), were intensively studied 
The matenal for the present study was chosen 
differently The admitting office of the out-pa- 
tient department did not refer patients thought to 
have diabetes to the obesity chmc When obese 
patients with symptoms of diabetes were ad- 
mitted to the clinic they were referred elsewhere 
as soon as their condition was recognized, al- 
though not more than 3 subjects were rejected 
dunng the penod covered by the present paper 
Such methods of selection must to some extent 
have weighted the senes in favor of patients with 
little impairment of carbohydrate metabolism 
The authors beheve the results obtained demon- 
strate the presence of a mild impairment of car- 
bohydrate metabolism in these patients and a re- 
sponse to therapy whicli was essentially the same 
as that shown by subjects with more marked de- 
grees of abnormality They beheve that the fol- 
lowing conclusions are justified Most, although 
probably not all (6, 14, 15, 16) patients with 
obesity, show some abnormahty in the tolerance 
for glucose This abnormahty can usually be 
markedly improved by weight reduction through 
dietary therapy 

CONCLUSIONS 

A study of 39 obese subjects who were selected 
in such a way as to exclude patients with marked 
abnormahties m glucose metabolism is presented 
The proportion of these patients who showed ab- 
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From the time of the early Greek physmans 
many observers noted a relationship bchvccn the 
sedimentation rate of the red cells and the concen- 
tration of fibnnogen or " phlegma " in the blood 
How ever, no detailed studies were made until 1918 
when Fahraeus (S) studied the sedimentation rate 
m pregnancy and concluded tliat the increase m 
the rate was due to a lowenng of the electric 
charge on the red cells Since that time interest 
m the subject has been renewed Numerous in- 
vestigators have studied tlie vanations in sedi- 
mentation rate that occur m disease and a few 
w orkers have attempted to determine also tlie fac 
tors underljmg these variations As a result of 
these investigations of the past twenty years, the 
sedunentation rate lias become of definite clinical 
value, but there is no general agreement as to the 
factors involved in the aggregation and sedimen 
tation of the red cells 

The majonty of investigators have corroborated 
the long standing impression that there is a sug- 
gestive relationship between the concentration of 
fibnnogen and the sedimentation rate In fact 
despite occasional marked exceptions to an exact 
linear relationslup between the fibnnogen and the 
sedimentation rate, tlie majont> of recent workers 
have concluded that the concentration of fibnnogen 
determines the sedimentation rate (1, 2, 4, 8 10 
14 16) The occurrence of occasional marked m 
consistencies however has led a few workers to 
conclude that the relationship behvecn fibnnogen 
and sedimentation rate is not one of cause and 
effect (9, 12 13) 

Vanous other constituents of the blood notably 
globulm and hpoids have been suggested as regu 
lating factors m the sedimentation rate of the 
red cells The majonty of mvestigators agree 

iThll Is publlcauon No. 37 of the Robert W Lovett 
Memorial for the study of crlpphng diseaae. Harvard 
Medical SchooL 

sThe expenses of this InvesUgation were defrayed in 
large part by the Commonwealth Fund. 


that blood samples witli high concentrations of 
globulm have high sedunentation rates 
In the course of our studies of the sedimenta- 
tion rates and plasma protein fractions in arthntis, 
we occasionally obtained marked inconsistencies 
in the relationship between plasma proteins and 
sedimentation rates in contrast with the majority 
of the findmgs reported m the literature Because 
of these findmgs and tlie lack of agreement as to 
the correlation between the plasma proteins and 
the sedunentation rate which is evident from a 
survey of the literature, we undertook a more de- 
tailed study of the relationship 
Tlie present mvestigation includes chiefly stud- 
ies in vanous types of arthntis, but it also includes 
a few studies m other diseases which produce ab- 
normal rates, such as myelomatosis caremoma of 
lung, malignant lymphoma of Hodgkin’s type, 
acute lupus erythematosus disseminatus, poikilo- 
derma atrophicans vasculare, lymphogranuloma 
mguimie and nutnbonal edema. The results are 
of special significance since they cover both the 
sudden and marked changes m sedimentation rates 
and m concentration of proteins that occur m 
acute infections such as gonorrheal arthntis, and 
the more gradual changes in chronic infections 
such as rheumatoid arthntis In conditions in 
which the type of reaction is so different, the 
chemical changes produced by the infection would 
be expected to be different Whatever the stimu- 
labng agent may be which is produced by the in 
fection and which leads to changes m the proteins 
and the sedimentation rate, it acts more slowly and 
over a longer penod of time m a chronic infection 
like rheumatoid arthntis This mak-es it possible 
to study the relahonship of the variations m rates 
to the vanations in the concentrations of proteins 
more accurately than in the case of acute mfec- 
tions For, in acute mfechons, the changes are so 
sudden and of such magmtude that a superfiaal 
relationship may be apparent but it may be im- 
possible to follow the changes closely enough to 
791 
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of gonorrheal nrthnOs 22 from 16 cases of rheu- Imve high concentrations of fibrinogen or of glo- 
matoid arthritis , 7 from S cases of myelomatosis tnilin, m accordance with the findings of numerous 
I from I case of nutritional edema, I from 1 case other workers More detailed analysis of the fig- 
of caranoma of tlie lung with pulmonary osteo- urcs, however, shows that there are many vana- 
arthropathy , 1 from 1 case of Charcot s joint , 1 tions of greater or lesser degree in the relationship 
from 1 case of malignant lymphoma of Hodgkm’s between the rates and the concentratioiis of the 
type , 3 from 3 cases of arthritis of unknown protein fractions 

origin 1 from 1 case of degenerative jomt dis Companson of the sedimentation rates with the 
ease, 1 from 1 case of acute lupus erythematosus fibnnogen concentrations (see Figure 1) shows no 
disscmmatus 1 from 1 case of poikiloderma atro- dear-cut linear relationship such as that found by 
phicans vasculare , 2 from 2 cases of lymphogranu- Gilhgan and Emstene (8) , and by Ham and Curtis 
loma inguinale, and 1 from 1 case of chronic (10) There is only a suggestion of a linear rela- 
glomcrular nephritis bonship and at least one-third of the values are 

The results given m Table I show that, in gen not consistent wnth such a relationship A few of 
eral, blood samples with high sedimentation rates the inconsistencies may he explained, m part at 
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determine the order of occurrence and draw con- table i 

elusions as to the causal relationship Relattonship of sedimentation rate to plasma proteins 


METHODS 

The subjects m this senes included patients in the 
hospital and ambulatory patients seen m the chmc The 
patients were fasting with the exception of the few 
cases indicated in the tables The blood samples were 
withdrawn without stasis from the median basilic vein. 
Hepann (product of Hynson, Westcott and Dunning), 
in a concentration of 4 mgm for approximately 4 cc. 
of blood, was used as an anticoagulant m the blood sam- 
ples for the determmaUon of sedimentation rates Po- 
tassium oxalate, in a concentration of 2 mgm. per cc., 
was used as an anticoagulant m the samples for the 
fibnnogen determinations No anticoagulant was used m 
the blood samples for the total protem and albumm 
determinations 

The erythrocyte sedimentation rates were determined 
by the method of Rourke and Emstene (IS), and cor- 
rected for hematoent readings by the use of their cor- 
rection chart. This method, by virtue of the length and 
diameter of the tube and by the detemunation of the 
rate during the period of most rapid fall, has been shown 
to avoid errors mtroduced m other methods from pack- 
ing, counter flow, and mclusion m the rate of varymg 
proportions of the imtial slow penod of aggregation and 
subsequent rapid jieriod of settling (10) Furthermore, 
this method is the one which was found by Ham and 
Curtis (10) to give a higher statistical correlation with 
the fibnnogen content than the Wmtrobe, Westergren, 
Cutler, or Linzenmeier methods It was with the use 
of this method also that Gilligan and Emstene (8) and 
Ernstene (4) obtained an approxunately Imear correla- 
tion between the sedimentation rate and the fibrmogen 
content 

The total protem was obtamed by detemunation of the 
total nitrogen by a modified macro-Kjeldahl The dif- 
ference between the total mtrogen and the nonprotein 
nitrogen, determined by the method of Folm and Wu 
(7), was multiplied by the factor 625 to give the total 
protein The albumm content was determined by the 
method of Howe (11), usmg 22 5 per cent sodium sul- 
phate. The fibrmogen content was determmed by pre- 
apitation as fibrin bj the method of Cullen and Van 
Sljke (3) and determmation of the nitrogen by diges- 
tion and nesslenrabon. 

The follomng lvalues have been accepted as the upper 
limits of normal 


Protem 

80 

grams per 100 cc. 

Albumm 

5.5 

grams per 100 cc. 

Globulm 

30 

grams per 100 cc. 

Fibnnogen 

250 grams per 100 cc. 


RESULTS 

The blood samples included m this investigation 
were from the following sources 46 from 8 cases 


Case number* 

Corrected 

sedimen- 

tation 

rate 

Total 

protein 

Albumin 

j Globulin 

Fibrino- 

gen 


mm 

grams 

gramr 

framr 

grams 


per 

per 

Per 

per 

per 


1 mtnttit 

100 « 

100 cc 

100 cc 

100 cc. 

I 1 

154 

7 77 

4 41 

3 36 

0 575 

2 

155 

7 85 

4 85 

3 00 

0 469 

11 

0 37 

7 75 

5 01 

2 73 

0 288 

111 1 

1 64 

8 63 

4 74 

3 89 

0 652 

2 

1 12 

9 17 

4 95 

4 22 

0 614 

IV 1 

195 

10 40 

3 30 

7 10 


2 

1 58 

9 45 

3 41 

604 


3 

1 36 

8 59 

3 64 

4 94 

0 631 

V 

124 

7 82 

4 92 

2 91 

0 366 

VI 

0 50 

7 10 

4 42 

2 68 

0 293 

VII 

140 

8 19 

4 95 

3 25 

0 625 

VIII 

1 27 

8 74 

4 91 

3 83 

0 375 

IX 

0 98 

8 28 

4 59 

3 68 

0 458 

X 1 

0 25 

7 80 

5 00 

2 81 

0 234 

2 

024 

7 45 

5 24 

2 21 

0 256 

XI 

037 

7 12 

4 94 

2 14 

0 308 

XII 

0 53 

7 35 

4 24 

3 12 

0 225 

XIII 

0 92 

7 71 

4 76 

2 95 

0 338 

XIV 1 

0 30 

7 70 

5 25 

244 

0 292 

2 

0 29 

8 00 

5 06 

2 94 

0 269 

XV , 

0 80 

7 57 

4 96 

2 61 

0 658 

XVI 1 

0 12 

7 07 

4 97 

2 10 

0 236 

XVII 

1 43 

7 06 

3 84 

3 22 

0 511 

XVIII 

1 83 

8 30 

4 66 

3 64 

0 850 

XIX 1 

1 55 

7 91 

4 87 

304 

0 823 

2 

1 69 

6 81 

4 36 

2 45 

0 726 

XX 

1 63 

8 10 

413 

3 97 

0 568 

XXI 

196 

7 98 

4 07 

3 91 

0 972 

XXII 

0 68 

7 66 

4 51 

3 15 

0 264 

XXIII 1 

1 14 

10 53 

2 92 

7 61 


2 

I 19 

10 36 

284 

7 52 

0 306 

3 

0 75 

11 77 

3 35 

8 43 

0 511 

xxivt 

1 77 

12 60 

364 

8 96 

0 418 

XXV 

1 42 

8 39 

3 83 

4 57 

0 313 

xxvit 

1 80 

8 57 

2 81 

S 76 

0 483 

XXVll 

0 12 ^ 

3 90 1 

2 84 ' 

106 


XXVIII 

1 16 

7 35 

464 

2 71 

0 420 

XXIX 

0 74 

6 72 

4 42 

2 30 

0 335 

XXX 

1 52 

6 25 

4 00 

2 25 

0 628 

XXXI 

0 90 

7 62 1 

5 22 

240 

0 504 

XXXII 

064 

6 47 1 

4 45 ! 

2 02 

0 373 

XXXIIl 

1 86 

7 68 

3 77 

3 91 

0 940 

XXXIV 

101 

4 18 

2 40 

1 78 

0 436 

XXXV 

0 15 

7 10 

4 62 

2 49 

0 289 

XXXVI 

1 40 

7 48 

4 37 

3 12 

0 366 

XXXVII 

0 52 

784 

5 22 

2 62 1 

0 315 

XXXVIII 

1 22 

6 15 

2 99 

3 16 

0 631 

XXXIX 

146 

7 87 

4 90 

2 98 

0 609 


• Diagnoses Cases I through XVI — rheumatoid arthn- 
tis. Cases XVII through XXI — gonorrheal arthritis, 
Ca^ XXII through XXVI — myelomatosis. Case XXVII 
—nutritional edema, Cases XXVIII, XXXI and XXXVI 
— arthritis of unknown ongm, Case XXIX — Charcot's 
jomt. Case XXX — carcinoma of lung with hypertrophic 
pulmonary osteo arthropathy, Case XXXII— degenera- 
tive jomt disease. Case XXXIII — malignant lymphoma 
of the Hodgkin’s type. Case XXXIV — chronic glomerular 
nephritis. Case XXXV — lupus erythematosus dissemina- 
tus. Case XXXVII — poikiloderma atrophicans vasculare, 
Cases XXXVIII and XJ^IX — lymphogranuloma in- 
guinale 

t Patient not fastmg 



SEDIMENTATIOK EATE AND PLASMA PROTEINS 


795 



0 8 K) 15 20 so 38 «5 4! 50 

0AY» 


Fig. Z The Vaelatiow nt the Couecteb Seeiuehtattoh Rate ajto 
Plasma Pbotetn Fractions xh a Case of Gonorrheal ARTHRms Treated 

WITH SULFAHILAUIDE 

mentation rate with a S per cent nse m fibnnogen, Further experiments were undertaken to prove 
and then a 20 per cent drop in fibnnogen with no that changes in sedimentation rates are not neces 
change m sedunentation rate Similarly m Case sanly associated ivith changes m the concentrations 
33, a 30 per cent drop occurred m sedunentation of any of the plasma protems The pH of one 
rate with no change m the fibnnogen concentration portion of a sample of hepannized blood was 
The fact that the curves for fibnnogen, globuhn changed hy addition of aad or alkah without sig- 
and sedimentation rate show moderate correlation mficant alteration in the concentration of the pro- 
hut are not supenmposahle mdicates that the teins The sedimentation rates of the two por- 
changes represent a direct response of all factors tions were then determined The determinations 
(fibnnogen globuhn and sedunentation rate) to of sedimentation rates were not done on blood 
the stimulatmg agent, rather than a response of 
one mdirectly because of a change m one of the 
other factors 
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least, by abnormally high globuhn concentrations 
However, in some of the bloods that show higher 
sedimentabon rates than would be expected from 
the fibnnogen content, the concentration of glo- 
bulin IS normal 

Companson of the sedimentation rates with the 
total protein, albumm, and globulin concentrations 
and with the albumin/globuhn ratios shows no 
linear relationship Blood samples with high glo- 
bulin contents tend to have elevated sedimentation 
rates, but there are even more mconsistenaes than 
m the relation of fibnnogen concentration to sedi- 
mentation rate 

Analysis of individual blood samples shows 
clearly the lack of absolute correlation between the 
concentrations of fibnnogen and globuhn and the 
rate of sedimentation of the red blood cells The 
most marked vanations are found in Case 5 (a 
girl of IS who had had rheumatoid arthnbs for 8 
months and had had a recent acute exacerbation 
of joint symptoms) The corrected sedimentation 
rate rose to 1 24 mm per minute, although the con- 
centration of fibnnogen and of globulin remamed 
at the upper limits of normal Furthermore the 
results in Case 22 mdicate that increased concen- 
trations of fibnnogen or of globuhn do not neces- 
sarily mcrease the sedimentation rate With prog- 
ress of the disease (myelomatosis) the fibnnogen 
increased from 0 306 to 0 511 gram per 100 cc. 
and the globulin from 7 5 to 8 43 grams per 100 
cc , but the sedimentation rate dropped from 1 19 
to 0 75 mm per mmute In this case a 67 per cent 
nse in fibnnogen and a 12 per cent nse in globulin 
were assoaated with a 27 per cent fall m sedi- 
mentation rate 

Further evidence of lack of absolute correlation 
between the sedimentation rates and the fibrinogen 
and globulin concentrations is found in the follow- 
ing cases Case 3 in which a 32 per cent drop m the 
sedimentation rate ivas assoaated wth a slight fall 
(6 per cent) in the fibnnogen and a slight nse (4 
per cent) in the globulin , Case 6 which showed a 
shght elevation in sedimentation rate with normal 
globulin and fibnnogen concentrations. Case 10 
vhich shoued a normal sedimentabon rate with a 
fibnnogen concentrabon of 0 469 gram per 100 cc 
In order to study more thoroughly the correlabon 
between plasma protans and sedimentabon rates, 
and to determine, if possible, whether the changes 
in protem precede or follow the alterabons in 


sedimentabon rate, successive determinabons were 
made in 3 cases of gonorrheal arthnbs dunng 
penods of climcal change (The pabents were re- 
caving sulfamlarmde ) The results are shoivn in 
Table II and Figure 2 The curves for fibnnogen 

TABLE n 


Relaiwnshtp of sedtmeniatton rate lo plasma proteins 


Case number* 

Corrected 

sedimen 

tation 

rate 

Total 

protein 

. 

Albnmin 

Globulin 

Fibrino- 

gen 

XL It 

tnm 

ftr 

mtnuU 

1 73 

grams 

ter 

100 u 

7 67 

grams 

ter 

100 cc 

4 85 

grams 
per 
too cc 

283 

grams 

per 

100 cc 

0 688 

2 

1 19 

7 96 

5 25 

2 71 

0 638 

3t 

1 28 

7 38 

4 74 

2 64 

0 625 

4 

1 34 

7 22 , 

4^8 

2 84 

0 721 

5 

143 

7 48 

4 52 

2 96 

0 610 

6 

1 23 

7 57 

4 65 

2 91 

0 558 

7 

0 86 

7 39 

4 39 

300 

0 559 

8t 

083 

7 39 

4 27 

3 12 

0 564 

9 

1 12 

7 66 

4 97 

2 69 

0 494 

10 

0 65 

7 24 

4 55 

2 69 

0 415 

11 

0 62 

7 SO 

4 81 

2 69 

0^75 

12 

0 73 

7 29 

4 75 

2 55 

0 469 

13 

0 72 

7 19 

4 55 

2 63 

0 446 

14 

0 68 

7 56 

4 86 

2 70 

0 440 

15 

0 53 

7 65 

5 23 

2 42 

0 317 

XLI 1 

1 75 

7 41 

3 98 

3 43 

0 792 

2 

135 

6 95 

3 91 

3 05 

0 834 

3 

1 36 

6 90 

3 87 

304 

0 662 

4 

0 43 

6 78 

3 91 

2 87 

0 458 

5 

0 25 

6 51 

3 78 

2 72 

0 375 

6 

0 18 

6 20 

3 77 

2 43 

0 277 

7 

0 28 

683 

4 59 

2 24 

0 230 

XLII 1 

0 75 

7 24 

4 23 

3 01 

0 497 

2 

1 12 

7 09 

4 51 

2 57 

0 580 

3 

0 89 

7 07 

4 30 

2 77 

0 521 

4 

0 75 

7 11 

4 57 

2 54 

0 513 

5 

0 68 

7 03 

4 41 

2 62 

0 527 

6 

0 72 

700 

4 42 

2 58 

0 479 

7 

0 71 

7 24 

464 

2 60 

0 521 

8 

0 67 

7 31 

4 58 

2 72 

0 500 

9 

0 65 

7 10 

4 35 

2 75 

0 471 

10 

0 43 

6 91 

4 52 

2 39 

0 447 

11 

0 52 

6 82 

4 45 

2 36 

0 361 

12 

0 61 

6 87 

4 49 

2 39 

0 399 

13 

0 42 

6 77 

4 55 

2 22 

0 356 

14 

0 43 

7 13 

4 56 

2 57 

0 348 

15 

0 38 

7 24 

4 78 

2 47 

0 359 

16 

0 68 

6 89 

4 73 

2 16 

0 418 

17 

0 37 

6 57 

4 35 

2 22 

0 383 

18 

0 30 

6 80 

4 70 

2 11 

0 341 


• Diapiosis in these 3 cases gonorrheal arthritis 
t Patients not fasting 


concentrabon and sedimentabon rate show the 
same general trend, but they are not supenm- 
posable Changes in sedimentation rate did not 
consistently precede or accompany changes m 
ather fibnnogen or globulm For example, in 
Case 34 there -was first a 26 per cent drop in sedi- 
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diseases Cobum and Kapp (2), m their in vitro 
cxpenments, found that the sedimentation rates 
with added protein were never so high as those 
of the untreated sera with the same protein 
concentrations 

A concept with vhich all of the findings are 
consistent is tliat vanations in sedimentation rate 
are due to vanations m the physical state of the 
plasma colloids, mth consequent changes m the 
clectnc charges on the proteins and red cells 
With this hypothesis it is possible to explain tlie 
usual relationslup betneen the concentration of 
fibrmogen and the sedimentation rate and also to 
understand the inconsistenaes found by most 
workers This theory also explains ahy so many 
factors have been found to influence the sedimen- 
tation rate 

The above concept is m accord with the onginal 
theory of Fihraeus (5) He concluded that van 
ations in sedimentation rate were due to changes 
m the magnitude of the electric charge on the red 
cells 

It is important to emphasize the fact that the 
results indicate that the stimulating agents pro- 
duced in disease cause a change in the colloidal 
state of the plasma and a resulting increase m the 
sedimentation rate They may coinadentaliy in 
crease the fibnnogen or giobuiin and any such 
change in tile concentration of individual colloids 
naturally affects the colloidal state of the plasma. 
However, our results and those of other workers 
prove that the change in colloidal state and the 
resultmg increase in rate may occur without any 
change m the concentration of fibrinogen or glo- 
buhn In other words, the agents may work 
partly through an increase in fibnnogen or glo 
bulin, or they may change the colloidal state with 
out any change in the concentration of the proteins 

SUMMARY 

1 The erythrocyte sedimentation rates and the 
plasma protein fractions were determined in 89 
blood samples from vanous diseases 

2 No absolute correlation was found between 
the sedimentation rate and any of the plasma- 
protein fractions At least one-third of the find 
mgs svere not consistent with a hnear relationship 
between the fibrmogen concentrahon and the sedi 
mentation rate. 


3 In successive determinations dunng penods 
of climeal change, alterations m sedimentation rate 
did not consistently precede or accompany changes 
m either fibnnogen or globuhn In addition it 
has been shown that marked changes in the sedi- 
mentation rate can be produced without any al- 
teration m the concentration of plasma proteins 

4 The only concept which explains ail of the 
findmgs is that variations m sedimentation rates 
are due to variations m the colloidal state of the 
plasma with consequent changes in the electric 
charges on the proteins and red cells Variations 
m the concentration of fibrmogen globulin and 
other constituents affect the rate through their 
effect on the colloidal state of the plasma 
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nunation was the significant value rather than the 
pH of the blood as draivn Colorimetric deter- 
minations of pH with vanous mdicators were 
made It was found possible to change the pH 
approximately 0 5m either direction ivithout caus- 
ing clotting or hemolysis When the pH was al- 
tered by acetic aad there were no significant 
changes m the corrected sedimentation rates (Ta- 
ble III) The uncorrected rates decreased but 


TABLE m 

Effect of aceitc acid * 


Ca*e number 

Corrected 

sedimentation 

rate 

Hematocrit 

Approilnxate 

pH 

I at 

1 mm per mtnuie 

0 99 

ter cent 

42 0 

78 

6t 

0 89 

43 0 

1 

74 

II a 

101 

1 42 0 

78 

b 

0 99 

! 440 

76 

III 0 

1 24 

42 0 

7 8 

b 

1 17 

43 S 

74 

IV a 

1 21 

34 5 

7 8 

b 

1 18 

400 

70 

Va 

1 30 

410 

78 

b 

1 39 

43 5 

74 

Via 

0 76 

36 5 

76 

b 

0 69 

400 

70 

VII o 

0 65 

46 0 


b 

0 72 

48 5 



* Acetic acid concentration approximately 0 01 N 
t a mdicates onginal sample, 6 indicates sample to 
■which aad has been added 


there is’as an associated increase in the hematocrits 
By adding solid sodium carbonate to a concentra- 
tion of 0 1 or 02 per cent, there were marked 
changes in the corrected rates, a decrease in 3 
cases and an increase in 1 case The uncorrected 
rates were approximately equal in 2 cases but 
there wtis a coinadent change in the hematocnts so 
that the corrected rates were very different (Table 
IV) Even more conclusive results were ob- 
tained when sodium hydroxide was added The 
uncorrected rates and the hematocrits both de- 
creased so that the corrected rates in the alkaline 
samples n ere much Ion er than those of the onginal 
samples Thus, marked changes in sedimentation 
rates nere produced ivithout any change in the 
concentration of the proteins 


TABLE IV 


Effect of alakli * 


Case number 

Corrected 

sedimentation 

rate 

Hematocrit 

Approximate 

pH 

VIII ot 

mm per minuie 

0 74 

ter cent 

34 0 

75 

it 

168 

30 5 

80 

IX a 

0 70 

415 

75 

b 

0 48 

37 5 

80 

Xo 

198 

39 0 

75 

b 

0 45 

31 5 

80 

XI a 

0 66 

40 5 

75 

b 

0 35 

30 0 

8 0+ 

XII a 

0 69 

36 0 

75 


0 30 

32 0 

80 


191 

39 0 

75 


1 50 

35 5 

80 


145 

34 5 

75 

b 

1 08 

315 

80 

XV a 

146 

445 

75 

b 

1 86 

400 

80 

XVI a 

1 25 

41 0 

75 

b 

0 78 

37 5 

80 

XVII a 

0 89 

38 0 

75 

b 

0 49 

33 5 

80 


* Sodium carbonate (0 1 per cent) m Cases VIII and 
IX, sodium carbonate (0 2 per cent) in Cases X and XI, 
sodium hydroxide (appro-ximately 0 01 N) m Cases XII 
to XVII 

t a indicates origmal sample, & mdicates sample to ■which 
alkah has been added 


DISCUSSION 

The numerous instances of lack of correlation 
between the erythrocyte sedimentation rate and 
the concentration of any of the plasma-protan 
fractions make it seem unlikely that an exact 
causal relationship exists 

In vitro experiments have proved that an in- 
creased concentration of fibnnogen or of globulin 
in any individual plasma does increase the sedi- 
mentation rate of the red cells m that plasma (2, 
6, 14, 18) Fibnnogen has been found to have a 
greater effect than globulin Albumin, on the 
other hand, has been found to have no effect or to 
decrease the rate Such jh vitro results, however, 
do not prove that increased concentrations of fibn- 
nogen and globulin always cause increased rates 
tn VIVO, or that increases in these substances are 
the causes of the increased rates found m vanous 


SPECIFIC VOLUME OF PLASMA AND SERUM PROTEINS IN 
PREGNANT AND IN PARTURIENT WOMEN AND 
THEIR NEWBORN CHILDREN AS DERIVED 
FROM VISCOSITY MEASUREMENTS 

By FRED W OBERSTi 

(From the Department of Obetetrict and Gyneeotagy Stale Untvertity of Iowa Iowa Ctty Iowa) 
(Recdvcd for publication August 14 1939) 


Kunrti (1) reviewed the denvabon of a for- 
mula developed by Einstein (2) indicating that 
viscosity IS a function of the volume fracbon of 
a dispersed substance, and suggested a modified 
empincal equabon that was found to be more ap- 
plicable to a large vanety of solubons The 
complete equation is 

1 -f- 0 Syi 
’“( 1 - 91 )*' 

where ij is the relative viscosity i c , the ratio of 
the absolute viscosity of the suspension to that 
of the pure solvent The symbol <p stands for 
the volume fracbon occupied by the dispersed 
substance or solute expressed either in percentage 
or m cubic cenbmeters (cc) per 100 cc. of solu 
bon Hence, p divided by the weight of the 
solute per 100 cc, of solubon represents the 
speafic volume of the solute This should be con- 
stant for various concentrabons of a solute or a 
suspension unless the solute or suspension is 
hydrated or solvated to an extent vaiying with 
the concentrabon 

On expansion the equabon becomes 
,= 14-4 5p-(-12¥.>-l-25p' 

When p IS veiy small, the equabon becomes 
T)= 1 -1- 4 5p 

and IS identical with that derived by Hatschek (3) 
for the viscosity of suspensions 

Kuniti advanced expenmental data to demon- 
strate that the expanded equabon may be apphed 
to prachcally all solutions or suspensions where 
the solute or particles are large m companson with 
the molecules of the solvent The values for the 
specific volumes of vanous concentrabons of sugar 
and sulphur suspensions, as calculated by this 

iNow with the U S Public Health Service Hcapital 
Lexington, Kentuclcy 


equabon, are constant and agree with the actual 
specific volume in the dry state On the other 
hand, the values for the specific volumes of solu 
bons of such substances as glycogen casern, and 
rubber as obtained from viscosity measurements, 
are much higher than those recorded for the dry 
state, tndicabng that these substances are inti 
mately associated with a porbon of their solvents 
Viscosity measurements and protein determina- 
bods have been made on blood plasma and serum 
to calculate the speafic volume of the respccbve 
proteins m terms of the expanded equabon 

METHODS AND PHOCEDOTE 

The viscosibes of serum and plasma were de- 
termined at 25° rt: 0 02° C by means of a Poi- 
senUle viscometer as modified by Ostwald, using 
2 cc, porbons The relative viscosity (>;) was 
obtained by dividing the time f, for serum or 
plasma by the bme (, for isotomc (OR per cent) 
sodium chlonde. When ather the plasma or 
serum was diluted with a dilubng fluid the cor- 
responding value of (, was used No correebon 
was made for density of the serum or plasma and 
the dilubng fluid, since this factor would be 
nearly one, and relabvely constanb 
The total mtrogen of the serum was determmed 
by the micro-Kjeldahl method (4) and the non 
protan mtrogen by the procedure of Fohn and 
Wu (5) The protem mtrogen as obtamed by 
subtracbon was mulbphed by the usual conversion 
factor, 625 to obtain the total protan percentage. 
Plasma protein was calculated by adding to the 
serum protan the value for fibrin, as determined 
by the method of Chandler (6) 

To determine ip from the expanded equabon 
when ij 13 given one must first plot on graph paper 
a curve similar to that given by Kunitz (1) on 
page 717 The values of v for vanous values of 
1 ) may then be read directly from the curva 
799 
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The effect on the specific volume of Ibe proletn as determined by 
viscosity measurements of dQuitni serum vnth 
phosphate buffer, pH 7 4 


Specific vedumes of serum proteins in parturient women and 
thetr newboTH cntldren as dertoedfrom 
viscosity measurements 
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Preliminary expenments were made to deter- 
mine the effect of the anticoagulants, potassium 
oxalate and hepann, on the viscosity of serum and 
plasma Approximately 3 to 4 mgm of potassium 
oxalate or 0 5 mgm of heparm were added to 
each cc of whole blood, and half of these amounts 
to serum 

To determine whether the speafic volume of 
the protein remained constant under different 
dilubons as low as 0 14 per cent, serum was di- 
luted with distilled water, with isotomc sodium 
chloride, and with M/15 phosphate buffer, pH 
74 

The plasma and serum of 22 women in late 
pregnancy were analyzed for viscosity time and 
for protein concentration The same analyses 
were made on the sera of 24 parturient women and 
of their newborn children (umbilical cord blood) 

RESULTS 

The viscosity of both serum and plasma is in- 
creased with the amounts of heparin employed 
but IS not changed with potassium oxalate (Table 
I) Consequently, potassium oxalate was used 
rouhnely as the anticoagulant 

TABLE I 

The effect of polasstum oxalate and hepann on the 
viscosity time of serum and plasma * 


Number 

j Serum 

Plasma 

I 

^Vlthout 
K oxalate 

With 

K oxalate 

With 

1 heparin 

With 

heparin 

With 

K oxalate 


seconds 

seconds 

seconds 

seconds 

seconds 

1 

115 5 

115 0 


131 5 

121 5 

2 

116 5 

116 7 


130 3 

119 7 

3 

121 0 

120 5 


137 1 

129 8 

4 

113 4 

113 2 

115 8 

128 7 

121 5 

5 

115 4 

116 0 

1 

120 0 

134 8 

125 2 


* Viscoaty of serum and plasma are expressed in seconds 
as compared inth 71 2 seconds for water at a temperature 
of 25 0* C ±0 02° C 


The results of diluting serum with distilled 
■water, ivith isotonic chlonde, and -with M/15 phos- 
phate buffer, pH 7 4, to give various protein con- 
centrations are given respectively in Tables II — A, 
II — ^B, and II — C The volume fraction of the 
protein m each experiment is decreased by the 
dilution, but its speafic tolume remains constant 
The protan content and relative -viscosity of 
serum and plasma, together -with the volume frac- 
tion and the speafic volume of thar respective 


proteins in late pregnancy, are presented in Table 
HI In each case the speafic volume of the serum 
protein is slightly less than that of the plasma 
protein, the average values being 1 62 and 1 74 
The relative wscosity of serum is lower than that 
of plasma, but the decrease is disproportionate to 
the decreased serum protein, thus accounting for 
the lower specific volume of the serum protein 
The data on the serum from partunent women 
and thar newborn children (cord blood) , as given 
in Table IV, mdicate that all of the constituents 
determined are definitely lower in cord blood 
serum than m maternal blood serum The de- 
creased relative -viscosity of cord blood serum is 
not proportional to the decreased protein content , 

TABLE n — A 

The effect on the specific volume of the protein as determined by 
viscosity measurements of diluting serum 
■with distilled water 


Protein 

C 

1 

Time 

(I 

1 

Relative 

viscosity 

n 

Volume 
fraction of 
the protein 

Specific 
volume of 
the protein 

- X 100 

C 

grams per 
100 cc 

seconds 


per cent 


7 20 

116 4 

1 634 

10 so 

146 

6 72 

113 3 

1590 

9 93 

148 

5 76 

105 8 

1 486 

8 50 

1 48 

4 80 

98 9 

1 389 

7 10 

148 

3 36 

89 3 

1 254 

5 00 

149 

2 88 

86 6 

1 216 

4 30 

149 

240 

85 0 

1 194 

3 90 

1 62 

168 

80 3 

1 128 

2 70 

1 61 

0 72 

75 4 

1 058 

1 30 

1 81 

0 00 

71 2* 

1 000 




• This IS the -value for /i 


TABLE IX — B 


The effect on the specific volume of the protein as determined by 
viscosity measurements of diluting serum with 
isotonic sodium chlonde (0 PO per cent) 






Specific 
volume of 
the protein 

Protein 

C 

Time 

h 

Relative 

viscosity 

Volume 
fraction of 
the protein 




•P 

- X 100 

c 

grams per 
100 cc 

1 

seconds 

1 

per cent 


8 20 

136 5 

1 885 

13 47 

1 64 

7 18 

122 9 

1 698 

11 27 

1 57 

615 

112 7 

1 557 

9 50 

1 54 

4 10 

95 4 

1 318 

6 00 

146 

2 05 

82 6 

1 141 

2 92 

142 

103 

77 4 

1069 

1^0 

146 

0 16 

73 1 

1 010 

0 20 

1 25 

0 00 

72 4* 

1 000 




* This IS the -value for 


OBSERVATIONS ON THE ABSORPTION, DISTRIBUTION AND 
EXCRETION OF SULPHAPYRIDINE, DAGENAN OR M &B 693 ^ 

By \V HURST BROWN WILLIAM B THORNTON and J STUART WILSON 
(From the Dtt^rlmcnt of ifedicine Unwtrsily of Toronto and the jermu of Dr H K 
Drlmtler Phisicuut in chief Toronto fFetiem Hos/nlal Toronto) 

(Received for pubUcabon June 19 1939) 


Cdifonal comment has recently appeared m 
several of the leading medical journals urging the 
need of gathenng data on the absorption distri- 
bution and excretion of M & B 693 (Dagenan 
or suJphapjndine) in tlie human subject It is 
evident that an accurate assessment of the potency 
and toxiatj of this drug must await sudi infor- 
mation The present communication is based on 
a study of 90 cases of pneumoma treated by sul 
phapyndme in the Mescal Division of the Tor- 
onto Western Hospital between October, 1938 
and May 1939 

From the beginning every case of pneumoma 
treated by cliemotlierapy wiis followed as closely 
as possible with respect to the dosage, fluid intake 
and unnary excretion, and daily estimations in the 
blood and unne of the total, the free and coij- 
jugated fractions of the drug Whenever oppor- 
tunity presented, speamens of blood, cerebro- 
spinal fluid and pleural effusions were collected 
simultaneously for assay Speaal precautions 
were also taken to obtain complete collections of 
unne over the days of actual treatment and for 
at least four days following cessation of dosage. 
The method used m all chemical estimations was 
the method of Marshall et al (2) 

Scheme of dosage 

After the first 20 cases had been treated ac- 
cording to the plan advocated by Evans and 
Gamsford (1), it was dcaded to alter the schedule 
of dosage to permit of an earlier attainment of 
initially high concentrations of sulphapyndine in 
the blood After this tune the patients usually 
received 2 grams every four hours for 6 doses 
with decrements of % gram every four hours 
or every six hours during each of the ensuing 
twenty four hours (as illustrated in Figures 1, 
2, 5) until treatment was discontinued To the 


iThu investigation was carried out with the aM ofia 
grant from the Banting Research Fotmdabon. 


same end the fluid intake was dehberately re 
duced to below 2 500 cc. per day In some in- 
stances an overemphasis on this point resulted m 
the fluid intake temporarily falling to levels too 
far below this figure, with results which receive 
comment later in this paper 

In Canada the distribution of 2 (p-aminobenxencsul 
phonamido) pyridm^, or M. & B 693 la effected by the 
firm of Poulenc Freres of Montreal * under the name 
of Dagenan. All of the drug used for oral dosage in the 
Toronto Western Hospital came from this source and 
was inanDfactured in France by the linn of Rhone- 
Poulcnc. It has been accepted that, chemically Dagenan 
is idenheal whh M. & B 693 as distributed In England, 
and sulphapyndine as distributed in the United States. 
For this reason the tenn nlphapyrvime has been used in 
tfuj report to denote the (£ 01 ? except m the &olu6fe form. 
For the sake of brevity in some of the figures the desig 
nation 693 alone is used and refers to the 2-(p-annno- 
bcnsenesulphonamtdo) pyndine stripped of all sodium 
and water of ciystalU^tion although reference » made 
to the con;ugated or acetylated form as conjugated 693 
In March 1939 a supply of the sodhnn salt of sulpha 
I^dmc manufactured by the Calco Company was re- 
cehed through the courtesy of Dr Perrin H. Long » of 
Johns Hopkins HospltaL Later free samples of 5o/u 
dagenan were received from the Canadian distributors. 
This preparation is a 33 per cent solution of the sodium 
salt of Dagenan contained in ampoules of 3 cc. content 
Qlmcal trials of the drug in this form are still m progress 

OBSERVATIONS 

ObscTvatiOTis oit oral dosage 
All but 2 of the 90 cases treated at some 
tone received sulphapyndine by mouth, some of 
these received supplemental mtravenous, or intra- 

» The authors wish to record their appreciation to 
Poulenc Frerei for providmg free supplies of Dagenan 
and Solu-dagenan for use In this study 
* The authors arc pleased to acknowledge their indebt- 
edness to Dr Perrin H. Long and to Dr E. K. Marshall 
of Johns Hopkins University for their help and coopera 
tion. Dr Manilla} tejte^ 
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Fibnnogen, having a higher molecular weight 
than serum albumin or globulin, leads one to sus- 
pect It as being the mam factor responsible for the 
increase in viscosity of plasma over serum The 
concentration of other constituents, such as lipids 
and electrolytes, is presumably the same m the 
serum as in the plasma. The higher proportion 
of globulin in maternal blood (7), as compared 
with cord blood, probably explains the increase 
in the viscosity of the maternal serum containing 
a given weight of total protein, and hence, a higher 
specific volume It has been shown by Nugent and 
Towle (8) that as the albumin-globulin ratio for 
a given concentration of protein solution increases, 
the relative viscosity is decreased, an observation 
which is in agreement with the present study 

If it IS assumed that blood proteins are hydrated 
colloids, the data obtained by application of the 
empirical equation would indicate that the plasma 
proteins might be more hydrated than the serum 
proteins, and that the serum proteins in parturient 
women might be more hydrated than those of 
their newborn children It has been reported by 
du Nouy (9) that the speafic volume of rabbit 
serum protem m solution is 1 645 and m the dry 
state is 0 785 

Not all investigators agree as to the state of the 
water in blood plasma. Sunderman (10) con- 
cluded from freezing point experiments that, 
within 2 per cent, the limit of error of his meas- 
urements, the content of free water of serum is 
equal to the content of total wter From vis- 
cosity measurements and data on the protein con- 
centration of blood serum, Fishberg (11) con- 
cluded that the actual volume of a protein in solu- 
tion at any dilution is proportional to the dilution 
and that it is unnecessary to assume any hydration 
of the protein molecules He further indicated 
that variations in urea and cholesterol concentra- 
tions have a profound influence upon the viscosity 
of blood serum 

In hydremia m children Jochims (12) found a 
parallel fall in plasma viscosity and protein The 
speafic viscosity remained constant, indicating that 
the excess water of the plasma in no way dis- 
turbed the collodial nature of the proteins He 
also stated (13) that the wscosity of the blood 
plasma in 21 normal children vas not related di- 
rectly to the protan concentration as demanded 
b> Einstan’s formula. 


SUMMARY 

1 Potassium oxalate does not change the vis- 
cosity' time of serum or plasma, but hepann pro- 
duces an increase 

2 Dilution of serum \vith distilled water, iso- 
tomc sahne, or ^vlth M/15 phosphate buffer solu- 
bon to a protein concentration as low as 1 per 
cent does not alter the speafic volume of the 
protein 

3 The speafic volume of plasma protein is 
slightly higher than that of serum protein from 
the same blood sample 

4 The speafic volume of serum protan is 
higher in parturient women than m thar newborn 
children (cord blood) 

5 Factors involved in the variation of the spe- 
afic volume of proteins are discussed 
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muscular sodium sulphapyndme or Solu-dagenao 
General observations on the results of oral dosage 
will first be presented and the tentative conclu- 
sions reached wall be subjected to cntiasm m a 
later part of the report deabng with cases treated 
by injection 

Ohscrvaitovs on absorption 

It was early and frequently observed that, in- 
dependent of the factors of weight, fluid intake, 
vomiting, sweating, bowel activity, unnary excre- 
tion and gastnc aadity, there was a wide discrep- 
ancy in the levels obtained m the blood on a 
standard scheme of dosage In the entire senes 
the concentration of non-conjugated sulphapyn- 
dine hereafter called free m the blood vaned 
from 2 2 to 12 8 mgm per 100 cc at tlie end of 
twenty-four hours of therapy After due allow- 
ance V'as made for all the factors named, there 
still remained gross differences These variations 
must, therefore, be cliiefly attnbuted to differences 
m the rate and degree of absorption of sulpha- 
pyndine from the gastro-intestmal tract Some 
have stated that the rate of absorption is increased 
if the tablets are administered as a powder Con- 
firmation of this IS not possible in the present 
senes The stomach of one patient who died ten 
minutes after receiving four 0 5 gram tablets of 
Dageiian by mouth was examined thirty minutes 
postmortem and found to contam amorphous 
matenal giving a positive test for sulphapyndme 
No sign of the tablets, as such, could be found 
either m the esophagus, stomach or duodenum 

Observations on distribution 

(a) The drug is apparently absorbed m the 
free or nonacetjdated form Conjugation usually 
takes place gradually with a resulting depletion 
of the free form For this reason the highest 
relative values for the free form m the blood are 
commonly foimd in the first day of treatment 

(b) Although in most cases a parallelism exists 
between the levels m the blood of the free and 
conjugated forms from day to day (Figures 1, 2), 
in about one-fifth of the cases this is not true 
In these instances, there appeared to be an un- 
usually rapid conjugation of the drug and it was 
not infrequently found that an estimation of the 
free form alone gave no rehable indication of the 
total concentration of the drug m the blood 


(Figure 3) This was particularly noticed m 
cases which developed renal insufficiency In 
these the concentration of the total sulphapyndme 
in the blood often rose concurrently and abruptly 
to very high levels (Figures 5, 6) Since the 
power to conjugate the drug ivas apparently not 
impaired, concentration levels of the total and 
free forms rapidly diverged In some of the 
cases, indeed, it seemed that the attainment of 
high blood levek accelerated the rate of conjuga- 
tion (Figures 5, 6) 

In view of Marshall’s statement (3) tliat acety- 
lated sulphapyndme is more toxic than the free 
form, these findings have a manifest importance 
Some of the senous toxic effects were observed 
to occur m those cases which, at some tame or 
other, showed inordinately high values m the 
blood of the conjugated fraction 

(c) In only one of 16 cases m which the con- 
centration of the cerebrospmal fluid was estimated 
at the same time as the blood, was the level m the 
cerebrospinal fluid as high as that in the blood 
In the majonty it was about 65 per cent of the 
blood concentration (Figures 1, 2) In aU in- 
stances, a disproportionately high percentage of 
the free form of the drug was present m the 
cerebrospmal fluid as compared with blood values 
simultaneously obtamed In 8 of 16 cases there 
was practically no conjugated drug in the spinal 
fluid 

id) A large number of the estimations on the 
pleural fluid were rendered suspect by the use of 
novocaine as an anaesthetic In those samples 
obtained without using an anaesthetic the values 
were never less than the concentration in the blood 

ie) The drug was recovered from the vomitus, 
sputum, and feces of patients under therapy In 
cases on oral dosage the amounts recoverable in 
the feces were very large indeed 

if) Chemical assays of the organs of 4 cases 
showed that sulphapyndme is unequally dis- 
tnbuted among them m terms of concentration 
per 100 grams of tissue It is high m the kidney 
(where contamination by unne is an important 
factor) and next highest in the liver It is van- 
able in the spleen and low m the brain, bile, and 
body fat In these tissues the percentage of drug 
in the conjugated form was found to be lower 
than in the heart’s blood 
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Fig. 3 An EiAuru; or Rapid Cohjdgatioh with Raph) ExcstnoN op the Acettlatid 
Fo«£ in the Uuhe 


concentration of total drug m the unne to the 
concentration of total drug m the blood reach 40 
In the great majonty it ivas nearer 20 to 25 
This IS in contrast to experience with sulpliantla 
nude where the ratio may often reach 40 This 
lindmg may have a beanng on the relatively slow 
excrehon of sulphapyndine from the body In 
the surviving cases which were treated by oral 
administration alone, the last measurable quan 
tity of sulphapyndine disappeared from the blood 
in sixty hours and from the unne, excepUng very 
faint traces, in mnety six hours after the final 
dose had been given (Figures I, 2, 4, S, 6) 


(5) In view of the above findings it was an- 
ticipated that a very considerable proportion of 
the total amount of drug mgested would be re- 
covered m the unne (6) Even when the blood 
concentrations were high indicating a high de- 
gree of absorption, the amounts recovered in the 
unne were remarkably low (Figures 1, 2 3, 4, 6) 
In only 3 cases m which absorption was appar- 
ently very rapid, was as much as 50 per cent of 
the total sulphapyndine given by mouth recover- 
able in the unne and m most mstances less than 
33 per cent was recoverable. 

(c) It was generally found after the first 
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Observations on excretion 

(a) There can be no doubt that the unne con- 
stitutes the mam channel of excretion of sulpha- 
pyndine from the body This is particularly well 
illustrated in cases m which renal function is 
defective (Figures 5, 6, 7) Provided that 
urmary excretion was not impaired, the adrmms- 
tration of large quantities of fluid by mouth, or 


espeaally by vein, decreased the blood concentra- 
tions rapidly (Figures 2, 5, 6) 

The kidney has the power of concentrating the 
drug to a very remarkable extent Five cases 
were seen in which the concentration of total 
sulphapyndme m the unne rose to over 500 and 
in 3 cases to over 600 mgm per 100 cc. of unne 
In only one of these, however, did the ratio of 


Patient - Tf L 




DOSAGE 


1 gram 

TBIPStATORE - 105 


AMDUNT OF 695 
EXCRETED IN URINE. 

CONCENTRATION OF 693 
IN ijigms par lOOcc 
URINE BLOOD 



500cc TllTAKE 
I — I ^ SOOcc. URINp 

Jv]= SOOcc INTBAVEHODS 


Fig 2. The Eitect of Fluid Intake on the Blood Levels and on Ubinary Excretion of the 

Drug 

Total excretion is complete in 72 hours Note C S F Levels Note rate of excretion of free and 
conjugated forms m the urme compared with the blood levels 
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Fio, 5 Tire EmcT or Oucuma and Anuria (Acuti Renal iNsomcitKcy) on the N PJ^ and the 
Concentrations or the Drug in the Blood 

Thert *eeras to be an acceleration of the rate of acetylation- Note the rapidity of excretion following 
reitoration of renal function- 
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Fig 4 Poor Absorption of Oral Doses and Complete Excretion in 96 Hours 


twenty-four hours that the free form was not as 
rapidly excreted as the conjugated form (Figures 
1, 2, 3, 4, 6) The occurrence of ohguna (less 
than 300 cc of unne excreted in tvventy-four 
hours) in 6 cases and of anuna in 3 cases dunng 
treatment ■\\’as assoaated wnth abnormally high 
blood N P N values, an mcrease m the total con- 
centration of sulphapyndme m the blood, and a 
marked and very rapid nse m the blood concen- 
tration of the conjugated fraction (Figures 5, 6) 
Moreover, although there were exceptions, it was 
the rule that the concentration of the free form 
in the unne was disproportionately low as com- 
pared to the concentration of the total sulpha- 


pyndine in the unne, having regard for the 
existing levels of both m the blood at the time 

Intravenous and mtramuscular tnjecHofts 

There are obvious disadvantages attending an 
attempt to draw conclusions pertaining to the 
title of this report from clinical cases receiving 
prolonged dosage by mouth of a highly insoluble 
drug Compansons of the concentrations at- 
tained in blood and unne with the dosage are 
open to too many undetermmable influences 
For this reason, it is of interest to record in more 
detail the observations in 4 of the cases in which 
injections of the soluble form of the drug were 



men ruii'G3M mi ni • mii « t \ 


ADSORiTION AND EXCRETION OF SULPHAPYRIDINE 


811 



Fia 7 The Cokcentoations ot Fees and Total SuLTHAFnuinifE ik the Blood and Postmobtem Matebial in a < 
Teeated bt Intiavehous Injections or SooiUEt SumiAPYEiDrKi and Dttno with CoimJciE Anuua (See Text) 
Note the accumuhtJon of the dniff m the body and compare with Figure 8. 

•Weights of organa grama, not cc. 
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WARCH 1939 


DOSAGS 
1=1 griJB 

TEMPERATUPt 104 
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loa 
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100 ' 

99 

ORlHAKy EXCEETIOH 
or 693 B 1 gram 


CONCEKTRATIONS OF 693 
cgins* per 100 cc. 
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Fic 6 The Effect of Acute Renal Insufficiency (Compabe FicintE 5) , Possibly Due to an Inadequate 
Fluid Intake ok the N P N and Concektrations of the Drug in the Blood 
An abrupt rise in the rate of acetylation (see blood levels) coincides with ohguna. Extremely rapid excre- 
tion follows the discontinuance of chemotherapy and restoration of renal function without a mcrease m 

the fluid mtake. Note excretion of the conjugated fraction. 
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used From a study of these it expected that 
more definite pronouncements regarding the 
tentative conclusions already noted might be 
justified 

PROTOCOLS 

Case 1 

In the first cast, a boy of 16 weighing 134 pounds, 
2 intravenous injections of 3 grains each of S per cent 
sodium sulphapyndine were made at rune-hour mtervals 
The blood concentrations, attained half an hour after the 
first injection was completed (fifteen to eighteen minutes 
were taken to inject the fluid), were 69 mgm. per 100 
cc, total drug, and 64 mgm per 100 cc. free. Nme 
hours later, and immediately before the next injection, 
the values were S 4 total and 4 8 free Eight and sixteen 
hours after this second mjection the levels were respec- 
tively 70 total and 66 free, and 58 total and 4 5 free. 
In the first twenty-four hours the fluid intake was 3,000 
cc. and the unnary output, which contained 1 47 grams 
of sulphapyndine, was 1,100 cc. Sulphapyndme con- 
tinued to be excreted m measurable concentrations m the 
unne until the fourth day, and in traces until the sixth 
day Measurable concentrations of the drug m the blood 
were present until the second day after the last injecbon, 
and m traces for the next two days Although 6 grams 
in all of the sodium salt were mjected, the actual amount 
of sulphapj ndine was 516 grams Of this quantity 3 
grams or 60 per cent were excreted as conjugated and 
free sulphapyndme in the urme, only 1 85 grams or 36 
per cent bemg m the free form. 

This patient made a rapid and unmterrupted recovery 
from pneumococcal pneumonia Type II without further 
chemotherapy The Francis test became positive forty- 
eight hours after adrmssion (the Sth day of his disease) 

Case 2 

The second case requires a more detailed exposition 
A joung man (Figure 7), 19 years old, waghing 148 
pounds, was admitted in a moribund condition on the mght 
of Apnl 16, 1939 He was very pale, restless and con- 
tmuallj gnmacmg Pulse — 110, respiration — 30, tempera- 
ture — 105, and blood pressure 120/60 The physical signs 
were those of frank consolidation of the left lower lobe, 
but his condition was disproportionately grave considermg 
the apparent extent of lung mvolvemenL Oral therapy 
by sulphapyndme was impossible and it was thought wise 
to admmister intensive treatment with sodium sulphapy- 
ndme mtravenously at once. This was given as a 5 per 
cent solution m doses of 3 8 grams in 70 cc. of distilled 
water Fifteen to eighteen mmutes were taken for each 
mjcction- Five minutes after each mjection was com- 
pleted, a sample of blood was taken from the opposite 
arm, except on one occasion (after the second mjection), 
when twentj minutes elapsed before the sample was taken. 
After the third injection the results of cultures were re- 
ported. The blood cultures were consistently negative. 
Pneumococcus Type XXHI and staphylococcus aureus 


were present m the sputum. On mouse passing both were 
agam recovered but the heart’s blood of the mouse yielded 
only staphylococcus aureus in pure growth This was 
considered to be a significant indication of the invasive 
properties of the staphylococcus The pneumomc proc- 
ess seemed to be extending although the temperature 
had fallen from 105 to 103 and the patient seemed slightly 
better It was now considered hkely that the staphylo- 
coccus was the responsible orgamsm and in view of re- 
ports (4) m the literature attestmg cures of staphylococ- 
cal aureus septicaemiae by M & B 693, it was decided 
to give another injection after an eight-hour interval 
m the hope that by mamtammg high blood levels a cure 
might be obtamed. 

No imtoward reaction to mtravenous injections had 
previously been expenenced but, during the fourth m- 
jection phase, the great restlessness of the patient abruptly 
gave way to an ominous quietude, almost as if an anes- 
thetic were bemg administered. There was a penod of 
collapse and the blood pressure fell from 115/70 to 
95/50 These events were clearly the results of the 
mjeebon and largely disappeared m forty-five minutes 
when the blood levels were at a demonstrably lower level 
A comparison of Figures 7 and 8 illustrates how much 
the blood levels anticipated m view of previous cases 
were exceeded by the third and fourth injecbons This 
unexpected and undesired accumulabon of the drug must 
agam be attributed to renal failure — in part, no doubt, 
abetted by the low filtrabon pressure. Complete anuna 
was present durmg the last ten hours of life and, m the 
light of past experience, it is reasonable to attnbute part 
of the renal failure to the duect acbon of the drug It 
IS noteworthy and, under the arcumstances, to be ex- 
pected that the admmistration of almost 2500 cc. mtra- 
venously of 5 per cent glucose m salme during the twenty 
hours followmg the fourth mjeebon had, m this mstance, 
no effect m combatting the enormous accumulabon of the 
drug It IS proof posibve of the importance of free 
renal excrebon in relabon to mtravenous or oral therapy 
with chermcals of this type.* 

Another finding of importance is illustrated by Figures 
7 and 8 — namely, that immediately after any mtravenous 
mjeebon, extraordinarily high concentrabons of the drug 
are present m the blood. After a few mmutes these fall 
rapidly and m thirty to sixty mmutes distnbubon has 
been completed It is not easy to understand, however, 
how the body is able to conjugate the free form as rap- 
idly as IS demonstrated m these cases In the case under 
consideratioi^ excrebon of the free form is not as rapid 
as the excrebon of the conjugated form. This is shown 
by the relabvely more rapid fall of the total levels and 
by the relabve amounts of the two forms m the urme 
first secreted. After the fourth mjeebon, unnary ex- 
crebon was practically at a standsbll and there was no 
appreaable fall m the total concentrabons m the blood. 
The concentrabons of the free form did, however, gradu- 
ally fall owing to the contmuance of acetylabon. 

* The pH of solutions of sodium sulphapyndme or 
Solu-dagenan as used m these cases was about 11 
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amounts injected than would be expected from 
the results of cliemical assay of the vanoua or- 
gans, although these after all constitute only a 
very small percentage of the total body i^aght 


hoars, as sgamst lO grams m the earlier period of bct 
enty two hoars of intravenous therapy without achievmg 
rigm/icantjy higher levels. It must be coocladed there- 
fore, that more than half of the sulphapyndlne given by 
mouth was not absorbed 


Case S 

A third case, successfully treated by intravenous so- 
dium sulphapyridinc, fs illustrated in Figure 8 This 
young man was aged 21 and weighed 158 pounds. He 
was admitted on Apnl 26 1939 wth Type III pneumo- 
coccal pneumonia as shoum by blood and sputum cultures 
and by mouse inoculation He received Intravenously two 
injections of 3^ grams, followed by two injections of 
2 grams of sodnnn sulphapyndlne at the Intervals noted 
in Figure 8 He responded well to this therapy but later 
de\ eloped an empyema for which he was treated with 
Dagcnan by mouth for three days until it was established 
that only staphylococcus aureus was present m the pleural 
pus and resort was had to surgical treatment. 

In this case no impairment of renal (unction occurred 
although 116 grams of the sodium sulphapyndme were 
injected over a period of forty-eight hours. TTicrc was 
no sign of accumulation of the drug The admtnistra 
Uon of 5170 cc. of fluid (3 000 cc mtravenously) in the 
twenty-SDC hours following the last bjection reduced the 
blood level from 73 mgm. per 100 cc of the total drug 
per iOO cc blood to a trace Complete figures are avail 
able for urinary excretion of both the free and total moi 
cties for the first seventy two hours These are repre 
sented Nvfth mathematical exactitude In Figure 8. It win 
be seen that expressed as pure or free lulphap) ndme the 
pallcnt received a net total dosage of 10 grams after 
making allovonce <1 62 grams) for sodium and water of 
crystallization. Of this total amount 5 1 grams had been 
excreted In the unne at the end of seventy two hours 
and of this only 2 grams were in the free form- 

It Is of particular Imcrcst to compare the blood levels 
attained In this patient on intravenous therapy with those 
later attained when sulphapyridine was given by mouth. 
The daily fluid mtake was purposely mamtamed at 2000 
cc. during this period. In Table II the results arc noted, 
each blood sample being taken four hours after the 
precedmg dose 

Twelve hours after dosage was discontinued only a 
trace was present in the blood. 

It IS evident that the plan of dosage by mouth main 
tained a more constant level m the blood In all, 27 
grams were given by mouth over a period of seventy two 


TABLE II 


Blood concenlraliont (Jrce) reached tn paiieni W S 
{Figure 8) on oral admtntsiraium o/ Dagenan 


Domic 

fr*m 

1 dose of 2 grams 
After 2 grams q 4 b for 4 doses 
After 2 grams q 4 h for 6 dose* 
After 14 gram* q 4 h for 6 doses 
After 1 gram q 4 h for 6 doses 


Blood 

cotKxiitrsHon 
rfirtt drag 
100 ct, 

38 
1 I 
57 
5 

4^ 


Case 4 

The followlog case admitted with pneumococcal pueu 
monla on May 7 1939 the first day of his disease, deserves 
mention since ft fs one of the 4 cases on mjcction treat 
ment which were studied closely The protocol of this 
man is ihown in Tabic HI It will be noted that he was 
first treated with intramuscular Solu-dagenan alone and 
two day* later sulphapyridine by mouth. The intramns 
cutar injections consisted of 33 per cent Solu-dagenan 
put deeply into the gluteal muscle*. At first he reacted 
well to intramuscular therapy but on the second day 
(May 9) his Infection escaped from diemotherapcutic 
control although his level* were still high Despite a 
falling IcuWooie count, clinical rigna of extension of the 
pneumonu ruled out chemical toxicity as the cause of 
the increased fever Suljdiapyrldlne therapy by mouth fn 
full dose* wa* therefore begim with an ensuing improve 
ment in his general condHion and a fall in temperature. 
The while count ncjw fell to what expenence has shown 
to be ommously low levels (total granulocyte count— 
2,200 per cm.) The drug was then dlscontmued and 
the admtntrtfBbort of very large quantities of fluid by 
mouth and 10 per cent glucose saline intravenously was 
begun. This rejuUed In a very rapid removal of the 
drug from the body The total leukocyte count began 
at once to rise but even ten day* later the polymorpho- 
nuclear cells were only 60 per cent of the total leukocyte*. 
The patient developed a hepatitis as noticed m the pro- 
tocol and finally proceeded to a complete cure, bring 
discharged from hospital on May 28 1939 

The follotving points arc of unportance 

1 The blood concentrations attained after in 
tramusculflr injections are naturally not charac 
tented by the sharp peaks already seen m cases 
treated intravenously There is on the other 
hand a gradual but fairly rapid nsc m the blood 
levels which reacli their maximum m about three 
to three and a half hours after winch, with normal 
fluid intake, they begin slowly to falL The 
greatest increments after each mjeebon occur 
when the imtial blood levels are low thus 2 grams 
at first raised the total concentration in the blood 
from zero to 4.2 mgm per KX) cc. and the free 
form to 4 mgm per 100 cc. m three hours wlule 
the fourth injection of 1 gram raised tlie con 
centraUona from 8.2 total and 67 free to 9 8 total 
and 7.9 free m three hours 

2 It seems that the higher the concentration 
of the drug in the blood the more rapid the con- 
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An autopsy held one hour after death established the 
following anatomical diagnosis bilateral lobar pneu- 
monia, multiple lung abscesses, bilateral pleurisy with 
effusion, pleural adhesions, cerebral edema, fatty hver, 
septic spleen, toxic renal damage. 

The abscesses were found m all five lobes of the lungs 
From these staphylococcus aureus was cultured m pure 
growth No pneumococa were present in any cultures 
from the lungs The cultures of the blood from the 
heart yielded staphylococcus aureus only 

The kidneys were described as bemg slightly swollen 
with widening of the cortex and bulging of the cut sur- 
face. No hemorrhages were present Microscopic studies 
showed a moderate degree of dismtegration of the cells 
of the first convoluted tubules and deposits of pigmented 
chemical crystals lymg in the tubules No casts were 
seen and only a small amount of debris was contained m 
the lumma of the tubules There was no evidence of 
actual obstruction of the tubules The glomeruli were 
apparently normal 

The hver had obviously undergone much fatty change 
and on microscopy this was easily seen m fine globules 
uniformly distnbuted throughout the liver cells m all 
areas This has mvanably been noted m all our cases 
dymg while on sulphapyndme therapy It is, however, 
impossible, in our view, to attnbute these changes to the 
employment of sulphapyndme in treatment. The most 
stnkmg case of hver damage encountered received 10 
grams of the drug by mouth in twenty-two hours but 
the maximum concentration attamed in the blood was 
only 4 9 total and 22 free mgm per 100 cc The hver 
was so fatty that it floated easily in water but the damage 
should, m this instance, be attnbuted to the toxiaty re- 
sulting from the disease rather than chemotherapy* 

The organs and vanous fluids and tissues were sub- 
jected to chemical analysis for thar content of sulphapy- 
ndine with results as noted m Figure 7 It wll be noted 
that the heart's blood, pleural fluid, and pencardial fluid 
jnelded high assajs for the drug The lung (consoh- 
dated) also had very high concentrations as had the 
kidney The other organs and the bile yielded smaller 
concentrabons As has preMOUsly been pointed out, the 
CSF had a relaU\el> high content of the free form 
but much less conjugated drug than the blood. The bram 
in this instance contamed none of the conjugated drug 
This result has been confirmed m 3 other cases m which 
the amount of the conjugated form never exceeded 5 
per cent of the total No explanation can at present be 
offered for this remarkable finding 
The bowels had not been empbed smee chemotherapy 
was begun. It is therefore of interest to compare the 
concentration of the drug found m the feces from the 
rectosigmoid junction with that m the feces from the 
cecum and m the bile. The findings mdicate that an ap- 
preaable amount of the drug is excreted mto the bowel 
independentlj of the bile, but that the concentrabons are 
not high in the bowel content 

-'The authors wish to thank Dr George Shanks for 
his reports on the autopsj matenak 


The lowest concentrations were obtained in body fat 
taken from the abdominal wall and, here again, the free 
form greatly predominated The following were the total 
quantifies contained m the vanous organs 


TABLE I 

Sulphapyndtne 


1 

Orsan or material 

! 

1 

Weight 

1 

Free mgm 

Conjugated 

mgm 

1 

In 100 1 
grams 

Whole , 
organ 

In 100 
grams 

Whole 

organ 


grams 


1 



♦Lung (2) 

1850 

18 0 

351 

30 

58 5 

Kidneys (2) 

335 

14 0 

47 

40 

no 

♦Liver 

2050 

10 0 

201 

1 0 

20 S 

Spleen 

300 

60 1 

18 

10 

210 

♦Brain 

1650 

60 1 

106 



♦Body fat 


45 1 


08 


♦Feces 






Caecum 


60 

10 

Recto sigmoid 

1 

SO 

1 

10 


* Chemical assay was earned out on only a portion of the 
total organ or matenal in these instances and the possi- 
bility of unequal distnbufion of the drug is not precluded 


It seemed possible, before 4 fatal cases were 
investigated m this way (with results which 
throw much doubt on the validity of such cal- 
culations), to estimate the total amount of drug 
in the body from the concentrations in the blood 
and the body weight Such calculations depend 
upon the assumption that the sulphapyndme is 
distnbuted m almost equal concentrations to all 
tissue fluids and it is apparent that this may not 
be the case Using Peters’ researches (5) as a 
basis, and by the arbitrary assumption that 70 
per cent of the body weight is distnbutable fluid 
of a specific gravity (for pooled fluid) of about 
1020, the amount of sulphap 3 mdme m the body 
one hour after the first injection is by calculation 
3 1 to 3.2 grams and two hours after the fourth 
injection about 118 grams 
Each of the four mjections contamed 3 8 grams 
of sodium sulphapyndme Almost exactly 14 per 
cent of sodium sulphapyndme is made up of 
sodium and water of crystalhzation , therefore the 
amount of sulphapyndme contamed in each in- 
jection is actually not 3 8 grams but about 3 3 
grams At the end of the first hour, therefore, a 
little less than 3 3 grams should be present m the 
body and two hours after the last injection, 122 
grams minus the amount lost in vomitus, saliva, 
sweat and unne should be present The calcu- 
lated values bear a closer relationship to the actual 
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May IS until May 28) This patient, therefore, 
excreted about 85 per cent of the drug onginally 
administered 

No other case in the entire senes showed such 
a prolonged excretion and the assumption seems 
tenable that this was due to delay in freeing the 
body of the Solu-dagenan injected intramuscu 
larly If this should prove to be the case it is 
a point worth consideration m view of tlie proven 
toxiaty of drugs of this type. 

DISCO 3SI0K 

In addition to the points which have been made, 
other impressions already recorded vnth respect 
to cases treated with sulphapyndine by mouth re- 


ceived support from the studies in these 4 cases 
treated by injections At tlie nsk of repetition 
certain points raent emphasis 

It IS clearly evident that there must be wide 
vanabons m the ability of the human subject to 
absorb the drug from the gastro intestinal tract. 
From two to three, four and even five bmes as 
much sulphapyndine must often be given by 
mouth to attain the concentrabons in the blood 
observed after injecbon of the soluble sodium 
salt. By mference, and it is proven by analysis 
much of the drug given by mouth must pass un 
absorbed through the gastro intesbnal tract. 
This 15 an unsatisfactory aspect of this form of 
chemotherapy It makes necessary frequent 
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jugation This has already been remarked upon 
in the cases receiving sulphapyndme by mouth 
It IS, however, noteworthy that the penod dunng 
which liver damage became evident (May 12 and 
13) coinaded with a very low concentration in 
the blood of the conjugated fraction As the 
hver has been stated to be the chief, if not the 
only, organ concerned in acetylation (7), it is 
possible that tlie marked diminution of the con- 
jugated fraction in the blood after May 12 is 
thus explained It must be borne in mind, how- 
ever, that there was also a very rapid excretion 
of the drug in the unne dunng this penod 


3 The substitution of sulphapyndme by mouth 
for mtramuscular injections on May 9 resulted 
in a rapid absorption of tlie drug and the attain- 
ment of very high levels in the blood ( 18 3 mgm 
total and 15 5 mgm free per 100 cc.) The 
unusually large amounts absorbed were more com- 
pletely excreted in the unne than m any other 
case in the senes The total dosage administered 
by both methods was something less than 23 
grams (allowing for sodium in the molecule of 
Solu-dagenan) and the amount excreted in the 
unne was somewhat more than 19 grams 
(Traces continued to appear in the urme from 


TABLE ra 

Parent, K H Age 32 WeiglU 124 pounds Type III pneumococcal pneumonia, nghl lower lobe 

Blood cultures repeatedly negative 
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ABSORPTION AND EXCRETION OF SULPHAPYRIDINE 


819 


the absorption, distribution and excretion of the 
drug’ in the human subject 

2 Tentative conclusions have been dra\NTi from 
the findings in 88 cases which received Ehigcnan 
by mouth. 

3 The results of chemical studies on 4 cases 
treated with chemotherapy b^ injection have been 
compared with the conclusions reached in tlie 
orally treated cases 

4 The findings in both groups of cases have 
been compared and discussed 

The author* v-ish to record thar thank* to Dr H K. 
Bctwciler for hi* helpful luggcsUon* m the preparation 
of thi* paper and to Ills* M Dolan for ^'aluablc tech 
nfcal atustance. 
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chemical estimations to ensure effective dosage 
and it greatly obscures any attempt at estimating 
the true toxicity of the drug (3) 

From the findings in this senes it seems safe 
to state that when a single dose of sulphapyndine 
IS given by mouth the maximum concentration in 
the blood is reached in four to five hours When 
given intramuscularly as sodium sulphapyndine 
or Solu-dagenan the maximum is attained in three 
to three and one-half hours When this salt js 
injected intravenously there is for a short penod 
a very high concentration m the blood but this 
falls after thirty minutes to a level which may be 
taken as the effective maximum concentration 
This is not observed m cases treated orally or by 
intramuscular injection , for, m these, distnbution 
IS effected as the drug is taken into the general 
arculation 

Postmortem assays of the organs, tissues and 
fluids indicate a selective and unequal distnbii- 
tion, but, in general, arbitrary calculations based 
on the concentration of the drug in the blood and 
the weight of the patient enable one to estimate 
wth remarkable accuracy the actual amount of 
the drug contained in the body at a given moment 

There has been a general tendency to be con- 
tent ivith estimating the concentration of the free 
moiety in the blood as a guide to treatment The 
findings in the senes indicate that tlie procedure 
may fall far short of the desiderata for intelli- 
gent and safe therapy The extraordinary in- 
crease in the highly toxic conjugated fraction 
which has been observed in cases -with temporanly 
defective renal function constitutes a real danger 
in treatment It has been demonstrated that the 
impairment of the kidneys may occur several days 
after the pnuemonic process has apparently been 
conquered and at times when the blood concen- 
trations of free sulphapyndine are not excessively 
high 

In previous years it was noticed that the use 
of sulphanilamide in the treatment of Type III 
pneumoma not infrequently resulted m an ac- 
cumulation of the drug in the blood As much 
as 30 mgm per 100 cc were found in cases re- 
ceiving less than 100 grains of sulphanilamide per 
diem Excessively high concentrations only oc- 
curred, however, at the height of the febnle 
penod and, in the absence of additional evidence 
to tlie contrary', they were attnbuted to temporary 
renal failure produced by the disease process 


The occurrence of acute renal insufficiency m 
recovenng and afebnle cases on maintenance doses 
of sulphapyndine seems, on the other hapd, to in- 
cnminate tlie drug itself Some of the cases in 
the senes developed sudden oliguna when the 
fluid intake ivas as much as 2,000 cc m twenty- 
four hours Nevertheless, acute renal insuf- 
fiaency with accumulation of sulphapyndine in 
the blood never occurred without wammg A re- 
view of the protocols of such cases always re- 
vealed that on one or more previous occasions the 
unne volume had fallen below 750 cc in a tw'enty- 
four-hour penod These facts force the conclu- 
sion that an accurate measurement of the unne 
passed in each twenty-four hours of treatment by 
cliemotherapy is of paramount importance At 
the first indication of defective renal function 
(unnary excretion falling below 1,000 cc in 
twenty-four hours), fluids must be admimstered 
m large amounts and, if the concentration for the 
total drug in the blood is high, chemotherapy 
should at once be mterrupted or terminated 
altogether 

With the existence or restoration of normal renal 
function, intravenous administration results in a 
very rapid excretion of the drug and a prompt 
decrease in the concentration in the blood This 
should always be the first and it is probably the 
only effective method of combatting serious toxic 
manifestations resulting from this type of chemo- 
therapy 

In this senes the evidence seems to support the 
view that the conjugated form is excreted in the 
unne at a faster rate than is the free form Al- 
though the kidneys are undoubtedly of chief im- 
portance in removing the drug from the body, it 
has been shown m cases receiving the drug by 
injection only that considerable amounts may be 
excreted into the bowel 

We are not able to state how much of the drug 
can be lost by perspiration or by the bowel but at 
least in cases suffenng from pneumoma it would 
seem to be certam that other avenues of excretion 
in addition to the kidneys must be in active use 

SUMMARY 

1 Data accumulated in a senes of 90 cases 
of pneumoma treated by 2-(p-aminobenzenesul- 
phonamido)-pyndine, M & B 693 (Dagenan or 
sulphapyndine), have been apphed to a study of 
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Norma] human cellular free atrated plasma * 
contains a substance which acts to decrease the 
coagulation time of the blood m hemophilia (1 
2) The observation of Patch and Taylor (3) 
that this activity is assoaated or co-prcapitated 
with certain fractions of the plasma proteina has 
recently been confirmed by Howell (2) Both 
HoivelTs cxpencnccs and those in this laboratory 
would indicate that the clot promotmg powrer is 
assoaated witli tlie globulin portion of tlie plasma 
proteins, whether prepared by salting out (2) aad 
preapitation (2, 3) or dialysis (3) 

During the past two years a study of the nature 
of " globulin substance ’ prepared by dilution and 
aad preapitation of plasma lias been made (3 4, 
5) It was determined that the protein preapi 
tates obtained between pH S S and 6 0 arc assoa 
ated with the largest proportion of clot promoting 
activity The active factor contained in such pre- 
apitatcs was found to be theimoIabUe soluble in 
isotonic salt soluPon, and capable of being passed 
through a Berkefeld filter It is rapidly destreyed 
by alkali and by prolonged standing m neutral 
solution SoluPons of " globulin substance " be- 
have m a quantitaPvc manner with respect to thar 
ability to accelerate clot formation of hemopluhc 
blood in vitro Single mjeePons of this aad 
preapitated “ globulin substance ' into patients 
with hemophilia result in a prompt fall in the co- 

1 The expenses of this investigauon were defrired In 
part by a gift to Harvard University from the Smith, 
Kline and French Laboratories of Philadelphia and by 
tt grant given m honor of FranUl Weld Peabody by the 
EUa Sachs Ploti Foundation. 

• Hereafter the word “ plasma " refers to plasma pre 
pared from fresh normal human whole blood to which 
sodium citrate was added to mate the final citrate con 
centradon 025 per cent This was then centnfnged 30 
mlnafes at 2000 rpjn. filtered throogb two thicknesiei 
of Number 2 Whatman paper and passed through a 
Berkefeld V filter 


agulapon Pmc of thar arculapng blood Injec- 
Pons of such soluPons repeated every si\ hours 
however, produce a transitory refractory phase 
during which the coagulation time returns to the 
former prolonged values At the height of the 
refractoiy penod when injections of soIuPons of 
‘ globulm substance ” are no longer effective, an 
injecpon of whole Berkefelded plasma shortens 
the coagulaPon Pme It was suggested that a pos 
sible explanation of tins phenomenon rmght be m 
the presence of a factor m normal plasma which 
tvas lost m the acid preapitaPon of the ‘ globulm 
substance.” The diluPon of the plasma necessary 
to preapitate " globulin substance " effecPvely by 
add precluded a sapsfaclory invesPgahon of this 
hypothesis Thus the globulin fraePon svas pre 
pared by dialysis which allowed a parppon of the 
plasma that could be more easily investigated In 
comparison with the aad preapitated material the 
globulm prepared by dialysis has the advantages 
of freedom from foreign reagents maximura solu- 
bility in isotonic sahne, and doser physico-chemical 
definiPou as " euglobulm " Euglobulm is used 
here in the commonly accepted sense as that por- 
tion of the plasma proteins which is insoluble in 
distilled water but soluble m isotonic salrae. The 
present commumcaPon presents certain observa- 
Pons on the euglobuhn of the blood plasma with 
particular respect to its dot promotmg power 
for hemophilic blood both in vdro and in vwo 
and mdicates certain differences exispng between 
such prepataPons and those obtamed by aad 
preapitaPon. 

METHODS 

Measured amounts of fresh Berkefelded atrated 
normal human plasma were pipetted into cello- 
phane tubes and dialyeed against running tap 
water for aght days The temperature of the 
water remained between 4° and 6° C As dialy- 
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Fig, 1 The Emcr or a Smotr Ihteavenods In 
jicnoK (a»»ow) or Pwsma Euclobuun on the Buwd 
Coagulation Time or a Paheht wnn HEUorniuA 


r/iff effect of multifile intravenous injections of 
plasma ciigfo6«fm on the coagulation (im« of the 
blood of patients with linnofhilia Observabons 
concerning mulbple intravenous injecbons of nor- 
mal plasma euglobulin rvero made on three pabents 
Mith hemophilia liaving blood coagulabon tunes of 
32, 105, and 139 minutes respectively In each 
case, SO ml of the saline solubon of euglobuhn 
denved from 75 ml of normal human plasma >Yere 
injected intravenously at 6-hour intervals for 
varymg pcnods of bme. The results obtained in 
one pabcnt are descnbed here and summanred 
graphically m Figure 2 The results obtained in 
the other tn o pabents were enbrely similar Fol- 
loivrag the first injection of plasma euglobulin, the 
coagulation time was found to have fallen m one 
hour from 139 to 23 minutes Five hours after 
this injection the coagulation time had risen to 42 
mmutes but was brought back to 27 minutes by a 
second mjection of SO ml of euglobulin substance 
The injections were repeated every 6 hours until 
42 hours after the first injection. In each instance 
the patient responded with a fall m the coagulation 
bme of his blood Thirteen hours after the last 
injection the coagulation time had nsen to 77 min- 
utes and in 26 hours had returned to a level of 122 
minutes, at which time observabons were discon- 
tinued There was at no time any mdication of a 


refractory period such as occurs accompanying 
multiple injections of add preapitated "globulm 
substance " (4, 5) The reader is invited to com 
pare Figure 2 of this communication with Fig- 
ures 1, 2 and 3 of reference 5 

The effect of o single intravenous injection of 
supernatant substances front normal htmion plasma 
on the coagulation time of the blood in hemophilia 
Fifty ml of the water solution of the supernatant 
substances derived from 75 ml of plasma were 
injected mtravenously mto a patient with hemo- 
phiha. The coagulation time of the jatient’s 
blood fell from 44 mmutes to 38 mmutes m the 
course of one hour and was 40 minutes five hours 
later The difference in these figures is of no sig- 
nificance as these coagulation times are well within 
the range of the variations recorded for coagula- 
tion time m this patient on previous occasions 
The coagulation time of the blood of this same 
patient on another occasion was sharply reduced 
from 32 minutes to IS mmutes following the m 
jection of 50 ml of the sahne solubon of the eu 
globulm derived from 75 ml of the same parent 
plasma The administration of the supernatant 
substances In the case of a second patient failed to 
produce any fall m the coagulation tune of hts 
blood when the material was mjected mtravenously 
SIX hours after an effective injection of plasma 
euglobulm 

DISCUSSION 

The present mveshgations indicate that the dot- 
promoting power of normal human plasma for 
hemophihc blood is assoaated with the plasma eu- 
globului Plasma euglobulm preparations are ac 
tivc in reducing the coagulation bme of hemophihc 
both fit vrvo and tii vitro In the latter instance, 
thdr action appears to be quantitative The co- 
agulating activity of the supernatant substances 
containing the water soluble non-dialyrable por- 
tion of the plasma, however, is comparatively very 
slight These findings are confinoatoiy of pne- 
moiis experiences in this laboratory and also of 
those of Howell who finds that most of the dot- 
promoting activity of plasma is associa^ with 
euglobuhn and fibnnogen when such substances 
art prepared from plasma by salting-out methods 
Howdl has also shown that the clot promoting 
substance is not fibnnogen, since coagulating ac- 
tivity remains m his preparation after the removal 
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SIS proceeded, a preapitate of euglobulm sepa- 
rated When dialysis wtis complete, the contents 
of the tube were -washed into 250 ml centnfuge 
cups and spun for 15 minutes at 2000 r p m The 
supernatant liquid containing those plasma sub- 
stances which were water soluble and non-dialyza- 
ble \vas decanted and the precipitate washed twice 
with distilled -water ® The washings were dis- 
carded The plasma euglobulm and the super- 
natant substances were then dned by the “lyo- 
phile” process To faalitate injections, the eu- 
globulin from each 75 ml of blood plasma -was 
redissolved in 50 ml of saline and an equi-valent 
quantity of the supernatant substances was redis- 
solved in 50 ml of distilled water In order to 
avoid detenoration, an amount of the dry ma- 
tenal suffiaent to cany out each observation -was 
made up into solution immediately before use 
The solufaons of the plasma euglobulm and the 
supernatant substances were then passed through 
a Berkefeld filter and transferred under sterile 
conditions to rubber-capped -vials and kept m the 
ice box until the time of injection Three sepa- 
rate preparabons of plasma euglobulm were in- 
vesbgated For each preparabon 600 ml of 
fresh-pooled normal human plasma were used 
The methods of injecbon of the matenal, and the 
determinabon of coagulabon times, and of the ac- 
b-vity of -vanous preparabons to be studied have 
been fully descnbed elsewhere (4) 

EXPERIMENTAL 

The clot-promoting activity in -vubo of plasma 
euglobulm and supernatant substances To -vary- 
ing amounts of the saline solubon of plasma eu- 
globulin and -v\^ter solubon of the supernatant 
substances, 2 ml of blood from a patient -with 
hemophilia were added accordmg to the standard 
technique pre-viously descnbed (2) Each of the 
three preparations -was tested on blood from at 
least bvo pabents One dilubon, 0 05 ml of the 
solubons to be tested to 2 ml of hemophilic blood, 
only, -w'as used of the third preparabon The re- 
sults are given m Table I It -will be observed 
that the saline solubon of plasma euglobulm was 
opbmallj acbve and behaved m a quanbtabve man- 

» Hereafter these substances -will be referred to as 
supernatant substances and plasma euglobulm respec- 
tu elj 


table I 


The dot-pTomoling activity for hemophilic blood in vitro of 
plasma euglobulm and supemalanl substances 


Preparation 

nnmber 

Patient 

number 

Ml added 
to 2 ml 
hemophilic 
blood 

Saline 
aolutlon of 
plasma 
euglobulln 
Coagnla 
tlon time 

Water 
solution of 
supernatant 
substances 

1 Coagulation 
time 



tniJlihUts 

minutes 

1 minults 

1 


0 (control) 

172 

172 

Jan 17, 1939 

1 

01 

73 

142 


1 

05 

12 

S3 



10 

11 

42 

1 

1 


0 (control) 

32 

32 


2 

01 

20 

32 



05 

14 

25 



10 

10 

IS 

2 


0 (control) 

45 

45 

Feb 6, 1939 

2 

01 

16 

1 49 



05 

9 

27 



10 

5 

27 

2 


0 (control) 

139 

139 


3 

01 

20 

113 


1 

05 

9 

40 



10 

7 

22 

3 


0 (control) 

44 

44 

Feb 24, 1939 

2 

05 

12 

40 

3 


0 (control) 

no 

no 


3 

05 

10 

29 

3 


0 (control)' 

65 

65 


4 

05 

11 

37 

3 


0 (control) 

106 ! 

106 


5 

05 

12 

40 


ner in reduang the coagulabon bme of hemophihc 
blood The solubon of the supernatant substances 
however, contained only small amounts of actmty 
The effect of a single intravenous injection of 
plasma euglobulm on the coagulation time of the 
blood of a patient with hemophilia A pabent 
-with hemophilia -was given a single intravenous in- 
jecbon of 50 ml of the sahne suspension of the 
euglobulm derived from 75 ml of normal human 
plasma The coagulabon time fell abruptly from 
110 minutes to 32 minutes in the course of the 
first hour after injechon and remained below 40 
minutes for 11 hours, after which it slowly re- 
turned to pre-injecbon levels, reaching a -value of 
120 mmutes 43 hours after mjecbon The results 
are given m graphic form in Figure 1 These 
results are in every -way comparable to those re- 
ported for the effect of the mjecbon of Berke- 
f elded normal human plasma (1) 
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3 Patek A J., Jr and Taylor, F H L., Hemoj^IUa 
lome properties of substance obtained from normal 
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lar administration of globulin substance denved 
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5 Pohlc, F J and Taylor F H I*, Coagulation defect 
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J Clm. Imrcst, 1938 17 779 
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bin. J Qin. Invest, 1939, 18 603 
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Fig 2 The Effect of Multiple Intravenous Injections (arrows) of 
Plasma Euglobuun on the Blood Coagulation Time of a Patient with 
Hemophiua 


of tlus protein It has recently been shown (6) 
that plasma freed from both fibrinogen and proth- 
rombin possesses clot-promotmg activity It ap- 
pears evident, therefore, that while a clot-promot- 
mg substance is to be found in dose assoaation 
inth the fibnnogen and euglobulm of the blood 
plasma, its identity ivith any given protem con- 
tamed therein cannot be assumed However, it 
may well be in combination witli these protems or 
co-preapitated with them 

The difference betiveen the behavior of plasma 
euglobulm observed here and that previously ob- 
serv'cd for acid-preapitated " globulin substance ” 
was qmte unexpected Single injections of both 
plasma euglobulm and “ globulin substance ” into 
hemophilic patients produce a prompt decrease of 
blood coagulation time The duration of the effect 
following the injection of plasma euglobulm seems 
to be greater than that previously descnbed for 
“ globulin substance ” In all other respects, sin- 
gle injections of these substances behave similarly 
and resemble the effect of an injection of the par- 
ent plasma from which they are denved Re- 
peated injections of plasma euglobubn, in sharp 
contrast to those of “ globulm substance,” behave 


in a comparable manner to mjections of whole 
plasma, in that they are capable of maintaming the 
coagulation tune at the lowered level with no indi- 
cation of a refractory penod which develops after 
mjections of ” globulm substance ” It would 
seem, therefore, that plasma euglobulm presented 
a more reasonable starting point for further frac- 
tionation than that offered by aad-preapitated 
“ globulm substance ” 

SUMMARY AND CONCLUSIONS 

1 Dialysis of cellular-free atrated normal 
human plasma yields a euglobulm precipitate con- 
taimng practically all of the clot-promofang activity 
of the plasma for hemophihc blood 

2 Unlike aad-preapitated " globulm sub- 
stance,” plasma euglobulm resembles normal hu- 
man plasma in its ability to maintain in hemophilia 
a reduced level of the blood coagulation time when 
injected intravenously every six hours 
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initlon (Conn and Silverman) *488 
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— acetate treatment by (Thorn Hot\ARD and 
Emerson) 449 
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cortex (Friedman Oppenheimer Somkin 
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— , oral administration m Addison $ disease (Conn 
and Silverman) *488 

Function in h>popituitansm (Stephens) *475 
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DBRT Pratt, and Yerlot) *487 
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(Van Prohaska, Clarke and Kawdel) 415 
Ileum hog, hematopoietic activity in (Dexter, 
Heinle Fox and Castle) *473 

Magnesium in erythrocjlea (Bang and PRSKfiv) 

497 

Yeast and other extrinsic factora m relabon to 
(Heinle and Miller) 257 

Anesthesia Central nervous system, activity during 
(Beecher) *472 
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STIKE Goldrinc Chasis, and Ranges) 319 
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and gallbladder disease (Walsh Bland and 
Whttb) *484 
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doer) *495 
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Rapoport and Warkany) *478 
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Sion of human (Davis and Blalocc) 219 
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Howard and Emerson) *475 
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on blood acetone, effect of (Shipley) *484 
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and Doan) *473 
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(Goldfarb, Bowman and Parker) 581 

Allergy Histamine content of blood in (Randolph) 
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(Clark, Power Heck, and Wakefield) *482 
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and Swigert) 921 
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Anemia^ pemldoufi Blood volume and hematopoi 
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Barbiturates Administered during labor effect on 
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(Kunkel Stead, and Weiss) 225 
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Blood cells Platelets lipid distribution In (Erick 
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537 
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Red sphencal microcytes as indicators of hemo- 
lytic activity (Daweshek Schwartz and 
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Blood cozymaae In health and disease (Viltbr 
Vilter and Spies) *487 

In normal and pathological subjects (Kohn and 
Bernheim) 

Blood iodine In liver disease (Greene and Bruger) 
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In thyroid disease (Pbrcn and Hukxthal) 733 



836 


AUTHOR INDEX TO VOLUME XVIII 


Willson, Donald M , and Sundennan, F William 
Studies m serum electrolytes XII The effect 
of water restriction in a patient with Addison’s 
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*488 

Wnght, Irvmg S See Ludden and Wright *493 

Y 

Youmans, John B See Kennedy, Frank, and 
Youmans *492 



SUBJECT INDEX TO VOLUME XVm 


839 


D 

Desoiycorticosteroiio Addison s disease (Cleq 
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Adrenal insufficiency, treatment with (Thorn 
Hoeard and Eherson) *475 
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treatment with (Thorn, Howard and Emer 
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LER, Halsted and Stetson) *481 
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(White and Findlel) 377 
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and Curtis) *495 

Diabetic dogs Glucose excretion, mechanism of 
(Govaerts and Muller) 25 

Diabetic retlnlHs (Fhiedenwald and Gichner) 
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Digitalis Factors in cardiac slowing in patients with 
auncular libnllallon (Gold Kwit Otto and 
Fox) 429 

Dihydrotachysterol In nchets (Albright Sulko 
witch, and Bloosiberc) 165 


Edema In eyelids, factors influenang (Burch) 
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Effort pain Mechanism of (Carts) ^494 

Electrocardiogram Error in P R intennl (WuirE 
Foote and Lbaoi) *489 

Precordial, in myocardial infarction (Johnston 
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Electrograms and mechanograma From human sub- 
jects (Johnson and Laing) *492 

Electrolyte balances Dunng artifiaal fever (Keut 
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after sympathectomy (Fatherree Adson and 
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(Reynolds and Foster) 649 
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Exerdse Circulation in athletes (Stewart and 
Watson) *^79 

Lactic add production during in heart disease 
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Eye Retinitis diabetic (Friedenwald and Gicb 
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festabons la (Gauld Ciocco and Read) 213 
Fibrinogen And prothrombin free plasma, effective 
In hemophilia (Lozner, Kark, and Taylor) 

*490 603 
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Gallbladder disease Coronary atherosclerosis 
(Walsh Bland and White) *484 

Glucose Excretion in diabetic dogs mechanism of 
(Govaerts and Muller) 25 

Supply to joint cartilage (Bywaters) *485 
Tolerance In obese after reduction (Hubbard and 
Beck) 783 

Glucose and Insulin Treatment of alcoholism (Gold 
FARB Bowuan, and Parker) 581 

Glycogen disease Postmortem hepatic glycogenoly 
BIS in (Seckel) 723 
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Headache Experimental studies on pain pathways 
(Schuwachhr and Wolff) *488 

Heart Arrthymia auncular fibrillation slowing by 
digitalis, factors causing (Gold Kwn Otto 
and Fox) 429 

Ballistocardiogram chmeal and experimental 
studies (Starr) *486 

Disease congemtal lactic add production dunng 
rest and exercise (Hallock) 385 

Endocarditis bactenal In syphilitic aortic valvu 
Utis (Braunsiein and Townsend) *491 

— bactenal, immunological studies (Orqain and 

Poston) *478 

Output and valvular leakage quantitative meas- 
urement of, in man (Keys and Friedell) 

*476 

HsRt Hyperthermia artificial fluid balance in 
(Brown Clark, Jones, and Warren) *471 

— electrolyte balances in (Keutuann, Bassett, 

and Warren) 239 

Hematemesls Blood urea elevation following 
(ScHiFF Stevens Gooduan, Garber, and 
Lublin) *480 

Hemoglobinuria Paroxysmal nocturnal, mechanism 
ot (Ham and Dingle) *495 

Paroxysmal nocturnal, mechanism, with spedal 
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657 
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and Taylor) 821 
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effective in (t 'o Taylor) 
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Blood pigment Metabolism, effect of heart failure 
on (Waller and Blumgart) *476 

Blood plasma Speafic gravity in artifiaal hyper- 
thermia (Brown, Clark, Jones, and Warren) 

*471 

Blood plasma euglobulm Effective in hemophilia 
(Lozner and Taylor) 821 

Blood plasma protem Specific volume in pregnancy 
and neuborn (Oberst) 799 

Blood plasma protems Sedimentation rate (Ropes, 
Rossmeisl, and Bauer) 791 

Blood pressure In rat, method for determining 
(Williams, Harrison, and Grollman) 373 
Blood serum Amylase and adrenal cortex (Cope, 
Kapnick, Lambert, Pratt, and Verlot) 

*487 

Cholesterol, a long-term study (Turner and 
Steiner) 45 

Cholesterol following pneumoma (Turner and 
Steiner) *492 

Iron absorption from gastro-intestinal tract 
(Moore, Arrowsmith, Welch, and Minnich) 
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Iron transportation (Moore, Minnich, and 
Welch) 543 

Jlood serum calcium In Boeck’s sarcoid (Harrell 
and Fisher) 687 

Blood serum hpoids In hypothyroidism (Gildea, 
Man, and Peters) 739 

Blood serum phosphatase In Boeck’s sarcoid (Har- 
rell and Fisher) 687 

Blood serum protems Gravimetric determination of 
(Jacobson) *485 

In Boeck’s sarcoid (Harrell and Fisher) 687 
In arrhosis of liver (Dauphinee, Campbell, and 
Hanna) *482 

In hypothyroidism (Gildea, Man, and Peters) 

739 

Blood serum volume Adaptation to climate (Sun- 
DERMAN, Bazett, and Scott) *496 

Blood sugar Effect of estrogens on, in diabetes 
(Gessler, Halsted, and Stetson) *481 

Blood urea Elevation following hematemesis 
(ScHiFF, Stevens, Goodman, Garber, and 
Lublin) *480 

Blood volume In hypertension (Gibson and Har- 
ris) *483 
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(Gibson, Harris, and Swigert) 621 

In nephntis (Gibson and Harris) *483 

In nephntis and arculatory failure (Harris and 
Gibson) 527 

In permaous anemia (Gibson) 401 

Boeck’s sarcoid Blood chemical changes in (Har- 
rell and Fisher) 687 

Bram Circulation, effect of high intracranial venous 
pressure upon (Ferris) 19 
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Calcium Exchange in intestine and expenmental 
hyperthyroidism (Althausen, Kerr, and 
Stockholm) 763 

Calcium and phosphorus In steatorrhea, effect of 
liver extract and vitamin D on (Bassett, 
Keutmann, Hyde, and Van Alstine) 121 
Cancer Colon, iron defiaency and anemia assoa- 
ated with (Clark, Power, Heck, and Wake- 
field) *482 

Capillary blood pressure Cutaneous (Eichna and 
Bordley) *491 

Measurements (Eichna and Bordley) 695 

Capillary filtration Rate, in hepatic disease, thyro- 
toxicosis and myxedema (White and Jones) 

73 

Carbohydrate Metabolism in Paget’s disease (Alt- 
hausen and Bassett) *482 

Carbon dioxide Inhalation, circulation time test 
(Gubner, Schnur, and Crawford) 395 

Carcinoma Colon, iron deficiency and anemia asso- 
ciated with (Clark, Power, Heck, and Wake- 
field) *482 

Cardiovascular system Benzedrine and parednne, 
effects on (Altschule and Iglauer) *476 
Chloroform Liver injury, effect of diet (Gold- 
schmidt, Vars, and Ravdin) 277 

Cholesterol-cephahn Emulsions, serological floccu- 
lation differentiating obstructive from hepa- 
togenous jaundice (Hanger) 261 

Chohc acid Excretion in liver disease Qosephson) 

343 

Circulation In athletes (Stewart and Watson) 
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In psychoneurosis (Cohen and Finesinger) 

*494 

Circulation time COj inhalation as test of (Gubner, 
Schnur, and Crawford) 395 

Circulatory collapse Following sodium nitnte, effect 
of parednnol (Kunkel, Stead, and Weiss) 
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Following sodium nitnte, effect of pitressin in 
(Stead, Kunkel, and Weiss) 673 

Circulatory failure Blood volume in (Harris and 
Gibson) 527 

Effect on erythropoesis and blood pigment metab- 
olism (Waller and Blumgart) *476 

Climate Serum volume in relation to (Sunderman, 
Bazett, and Scott) *496 

Clostndium welchu Treated with sulfanilamide, 
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(Kendrick) 593 

Cozymase In health and disease (Vilter, Vilter, 
and Spies) *487 

In normal and pathological subjects (Kohn and 
Bernheim) 585 
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lenkemlc Blood cells, metabolism of (Keupneb) 

291 

Splenic reticulosis (Wateins and Giffin) *492 
Uplds In platelets (Eeickson Williams, A vein 
and Lee) gj 

In steatorrhea efiect of Uver extract and vitamin 
D on (Bassett, Keutuana Hyde, and Van 
Alstine) J21 

liver Chloroform injury ns affected by diet (Gold- 
schmidt Vaes and Ravdin) 277 

Chloroform necrosis non spedficity of sodium 
xanthine protection (Ravdin Vaes and Gold 
sceuidt) 633 

Cirrhosis, scrum proteins and Takata Ara rcacuon 
(Dautuinee Camfdell, and Hanna) *482 
— , vitamin A deficiency in (Patek and Haig) 

609 

Disease, blood iodine In (Geeene and Beugbe) 

*481 

— , capillary filtration rate In (White and Jones) 

73 

— , cholic acid excretion in (Josefhson) 343 
Glycogenolj-sis in hyperinsulinism and glycogen 
disease (Seckel) 723 

Liver extract HematopoieDc response and blood 
volume in pernicious anemia (Gibson) 401 
In steatorrhea, effect on calcium phosphorus 
nitrogen and hpid balances (Bassett, Keot 
MANN Hyde, and Van Alstine) 121 

Lung Volume, a new open circuit method for resld 
ual air (Daeung, CouenanD Mansfield, and 
Richaeds) *481 

— following lobectomy (Lindskog) 251 
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Magnesium In erythrocytes in anemia (Bang and 
pESKfiv) 497 

In hyperthyroidism (Soffee, Dantes, Geossman 
and Sodotka) *491 

In hyperthyroidism (Soffee Dantes, Grossman 
SonoTKA, and Jacobs) 597 

Membranes ' Cellophane for measuring molecular 
siie (Seymour) *479 

Menopause Diabetes after, effect of estrogen (Gess- 
LEE, Halsted and Stetson) 715 

Methemoglobln Following sulfanilamide (Harris 
and Michel) *496 507 

Methemoglobinemia Controlled by methylene blue 
(Wendel) 179 

Methylene blue Methemoglobinemia controlled 
with (Wendel) 179 

Migraine Treatment with histamine (Horton, 
MacI-ean and Craig) *474 
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Inulln clearaoce in (Miller, Alving and Allin 
son) *454 

Nephrotoxic effect of sulfamlamide on. In rats 
(Suadel and Swift) 757 

Nephrotic Cnsis hypoarmnoaddemic (Farr and 
MacFadyen) *490 

NervouB system Central activity in anesthesia 
(Beecher) *472 

Degeneration on yeast deficiency diet in pigs 
(Wihtrobb Samter and Lisco) *494 

Jfftrfto Sodium cfrculatory collapse effect of pare 
drinol (Kunkel Stead and Weiss) 679 

effect of pitressin in (Stead, Kunkel, 

and Wbiss) 673 

Nitrogen In steatorrhea effect of liver extract and 
vitamin D on (Bassett Keutmann, Hyde and 
Van Alstine) 121 
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Obesity Glucose tolerance after reducDon (Hun 
BARD and Beck) 783 
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Paget’s disease Carbohydrate metabohsm in (Alt 
HAUSEN and Bassett) *482 

Parathyroid Extract In rickets (Albright, Sulko- 
wiTCH and Bloomberg) 165 

Hyperparathyroidism renal, metabolic studies In 
(Brown and Ginsburo) *480 

Paredrine Effect on cardiovascular system (Alt 
SCHOLE and Iglauer) *476 

Paredrinol In sodium nitrite arculatory collapse 
(Kunkel Stead and Wbiss) 679 

Peripheral vascular Set also vascular 

Action of estrogen in human male (Reynolds and 
Foster) 649 

Pitressin In sodium nitrite, circulatory collapse 
(Stead Kunkel and Weiss) 673 

Pituitary Anterior injections effect on blood ace- 
tone of ndrenalectomized rats (Shiplev) *484 
— , sDmulating skeletal growth in young (Thomf 
BON and Heckel) *493 

Hypopitmtansm adrenocortical function in (Ste 
rnBNs) *475 

Pneumococcus ' Fastness to sulfapyndine experi 
mental induction (MacLeod and Daddi) *493 
]nfecDon% type HI experimental sulfapyndine 
sulfanilamide and specific antnerum in (Cooper 
Gross and Lewis) 423 

Pneumonia Pneumococcus type III treated with 
eullanilamide and serum (Finland and Brown) 

307 

Serum cholesterol following (Turner and Stbjner) 
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branes (Seymour) *479 

Muscle Respiratory metabolism of (Gordon, R4us- 
SBR, and Stark) *474 
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NepbxitlB Blood volume in (Gibson and Harris) 

*483 527 
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(Kinsman and Moore) 
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Poliomyelitis Human factor in, growth and develop 
ment (Draper and Dufertuis) 87 

— relntinn of ave to maturing CDrafer 



840 


SUBJECT INDEX TO VOLUME XVIII 


Hormone See also androgen and estrogen 

Androgens, unnary evcretion of, after administra- 
tion of testosterone propionate (Dorfman and 
Hamilton) 67 

Estnn-treated humans, gonadotropic excretion in 
(Heller and Heller) 171 

Gonadotropic, urine assays in normal, meno- 
pausal, castrated, and estnn-treated individuals 
(Heller and Heller) 171 

Sex, excretion in children (Nathanson, Towne, 
and Aub) *493 

Testosterone propionate, androgen excretion in 
unne after administration of (DoRFiiAN and 
Hamilton) 67 

Hypertension See also kidney extract 

Blood volume in (GiBSON and Harris) *483 
Coronary atherosclerosis (Davis and Klainer) 

*482 

In pregnancy, proteinuria of (Chesley) 617 
Inulin clearance in (Miller, Alving, and Allin- 
son) *494 

Number of active glomeruli and tubules by func- 
tional measurement (Chasis, Ranges, Gold- 
ring, and Smith) *486 

Paredrinol follovung (Stead and Kunkel) 439 
Penpheral resistance and vasomotor reactions in 
(Stead and Kunkel) *485 

Renal, expenmental (Katz, Rodbard, Steinitz, 
and Friedberg) *480 

Hyposthenuria Expenmental (Havman, SmniWAY, 
Dumke, and Miller) 195 

I 

Ileum Hog, hematopoietic activity of, in perniaous 
anemia (Dexter, Heinle, Fox, and Castle) 

*473 

Immumty Pneumococcus pneumonia treated with 
sulfapyndine (Finland, Spring, and Lowell) 

*483 

Serum therapy and sulfanilamide in pneumococcus 
type III pneumonia (Finland and Brown) 

307 

Studies on patients mth bactenal endocarditis 
(Orgain and Poston) *478 

Infants Newborn, speafic volume of plasma protein 
(Oberst) 799 

Premature, vratar exchange in (Gordon, Levine, 
Marples, McNamara, and Benjamin) 187 
Influenza epidemics (Horsfall, Eaton, Hahn, and 
Rickard) *485 

Tns iilin Crystalline (Marble and Vartiainen) 

*484 

Hypennsuhmsm, postmortem hepatic glycogenoly- 
sis in (Seckel) 723 

Insulm and glucose Treatment of alcohohsm (Gold- 
FARB, Bowman, and Parker) 581 

Tn iihn Clearance in hj pertension and nephntis 
(Miller, Alving, and Allinson) *494 

lodinated serum protem Acti\ e in hypothyroidism 
(Lerman and Salter) *493 


lodme Blood, in liver disease (Greene and Bruger) 

*481 

Blood, in thyroid disease (Perkin and Hurxthal) 

*478 

Radioactive, in thyroid physiology (Hertz, Rob- 
erts, Evans, and Means) *474 

lodoacetate Sodium, produang anemia in dogs 
(Wenzel, Fowler, Dauphinee, and Cleg- 
horn) *495 

Iron See also Blood serum iron 

Defiaency with caranoma of colon (Clark, 
Power, Heck, and Wakefield) *482 

J 

Jaundice Obstructive and hepatogenous, serological 
differentiation of, by flocculation test (Hanger) 

261 

Jomt Cartilage, glucose supply to (Bywaters) 

♦485 

Joints Synovial fluid mucin in joint disease (Ropes) 

*490 

Synovial fluid, nature of normal (Ropes, Ben- 
nett, and Bauer) 351 

Synovial mucin (Meyer and Dawson) *471 
Vascular system, exchange of substances in aque- 
ous solution between (Rhinelander, Bennett, 
and Bauer) 1 

K 

Ketosis Antiketogenic activity of sucanic acid 
(MacKay, Sherrill, and Barnes) 301 

Kidney See also hypertension 

Blood flow, effect of reduction in pregnant rabbit 
(Dill, Isenhour, and Cadden) 641 

Circulation, effect of spinal anesthesia on (Smith, 
Rovenstine, Goldring, Chasis, and Ranges) 

319 

Extract, effect on blood flow through vanous 
organs (Steele and Schroeder) *477 

— , — on dogs with normal and abnormal renal 
circulation (Leiter and Eichelberger) *477 
— , heated, effect on high blood pressure (Landis 
and Jeffers) *489 

Function, in urinary excretion of ascorbic acid 
(Sendroy and Miller) 135 

Glomeruli, number of active, and tubules in, hy- 
pertension, by functional measurement (Chasis, 
Ranges, Goldring, and Smith) *486 

Hyperparathyroidism, metabolic studies in 
(Brown and Ginsburg) *480 

Insuffiaency, acute (Bergman and Drury) 

777 

Pressor substance, relation to adrenal (Friedman, 
Oppenheimer, Somkin, Oppenheimer, and 
Blumenthal) *477 

Unc aad, excretion by (Coombs and Talbott) 


Lactic acid Production in heart disease congenital, 
dunng rest and exerase (Hallock) 385 
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Salfapyridlne — continued 
— lypc in infection*, espenmcntol, and tulfani! 
amide and speafic antiserum (Cooper Gross 
and Lewis) 423 

Pneumonia, treated with (Kinsman and Moore) 

•472 

SnUhemoglobln Follomng sulfanilamide (Harris 
and Miciret.) *496 

Sympathectomy Action ot epinephrine on digital 
artenoles before and after (FaTUERREb, Adson, 
and Allen) *478 

Syphilis Antibodies protective. In human serum 
(Turner, Flehino, and Drayton) *471 


Takata-Aia Reaction in cirrhosis of liver (DAOpm 
NEE, Caupdell, and Hanna) *482 

Thiocyanate Rate of attainment of equtllbnuni 
between pHsma and transudates (Gilligan and 
Altsciuile) SOI 

Thrombocytopenic puipuia Absence of platelet re- 
ducing substance In spleen (Poule and Meier) 

537 

Thyroid Blood Iodine in disease of (Perkin and 
HuRlcTnAL) *478 733 

Blood volume In hyperthyroidism and myxedema 
(Gibson and Harris) 39 

Hyperthyroidism, blood volume in (Gibson and 
Harris) 39 

— , calaum exchange In Intestine and experlmen 
tal (AuTnAUSEN Kerr and Stockeolu) 763 
— , capillary filtration rate in (IVltiTB and Jones) 

73 

— , magnesium studies in (Sopper Dantes, 
Grossman and Sobotka) *491 

— — , ultrafiltrable in (SoFFER, Dantes, Gross- 
man Sobotka and Jacobs) 597 

Hypothyroidism blood volume In (Gibson and 
HARRm) 39 

— , capillary filtration rate in (White and 

— I serum Hpoids and proteins in (Gildba Man, 
and Peters) 

Iodine radioactive, as an indicator of physiology 
(Hertz, Roeerts, Evans and Means) *474 
Tissue pressure Venous pressure relationship 
(Borch and Sodbuan) 31 

Transfusion Blood preservation for properties ol 
(DeGowin, Harris, and Plass) *480 

01 human sscitlc fluid (Davis and Blalock) 

219 


U 

Uremia Diet and death in acute (Addis and Lew) 

773 

Uric add Excretion by kidney (Coombs and Tal 
Bott) 490 


V 

Vatcular See also Peripheral vascular 
Constriction, proteinuria following momentary 
(Cdesley Markowitx and Wetchlbr) 51 
Response m forearm to various stimuli (Ferris 
and Abramson) »494 

System and joints, exchange of substances In 
aqueous solution between (Rhinelander, Ben 
nett and Bauer) 1 

Venous pressure Effect of high Intracranial, upon 
cerebral circulation (Fereis) 19 

And tissue pressure, relationship (BtmcH and 
Sodeman) 31 

Vedcal calculi Phospbatlc, dissolution, with citrate 
solution* in tnira and in vivo (Albright and 
Shlkowitcb) *474 

Virnt Infiuensa action of soaps on (Stock) *477 
Vitamin A Deficiency in diabetes melUtus (Braier 
and Curtis) *495 

— In cirrhosis ol liver (Patek and Haig) 609 
Vitamin Bi Stimulating effect on fermentation in 
human unne (Kennedy Frank, and Youmans) 
, *492 

Vitamin Bj Deficiency m man (Field and Wise) 

•474 

Vitamin C In rheumatoid arthntia (Rinehart) 

*470 

Requirement of man (Ralli, Friedman, and 
Sherry) 70S 

Saturation test (Luddbn and Wright) *493 
Urinary function as a factor in excretion of (Sen 
DROY and Miller) 13S 

Vltaaln D In rickets (Albright, Solkowitcs, and 
Bloomberg) 165 

In steatorrhea, effect on calcium, phosphorus, 
nitrogen, and hpid balances (Bassett, Kept 
MAKK, Hyde, and Van Alstike) 121 

W 

Water Balance In artificial hyperthermia (Brown 
Clark, Jones, and Warren) *471 

Exchange in premature infanta (Gordon, Le 
VINE Maeples, McNamara, and Ben/amin) 

187 

Restriction in Addison's disease, receiving sodium 
chloride (WtLLSON and SuNdbrman) 35 

X 

Xanthine Sodium non specificity m protecting the 
liver from chloroform (Ravdtn Vars, and 
Goldschmidt) 333 

Y 

Yeaat And other extrinsic factors In pernicious 
anemia (Hbinlb and Miller) 257 

Anemia and demyehnlsatlon m pigs in diet defi 
rtVrvmoiffir'iTAMTER. and Lisco) *494 


842 


SUBJECT INDEX TO VOLUME XVIH 


Polycythemia vera Blood volume in (Gibson, Har- 
ris, and Swigert) 621 

Potassium In Addison’s disease, effects on electro- 
lyte balance (Klinghoffer and Lavietes) 

■*492 

Pregnancy Barbiturates, administration of, during 
labor, effect on respiration (Sheldon) 157 
Proteinuna in hypertensive compUcations (Ches- 
ley) 617 

Reduction of renal blood flow in rabbit, effect of 
(Dill, Isenhour, and Cadden) 641 

Speafic volume of plasma and serum proteins in 
(Oberst) 799 

President’s address Climcal investigation (Harri- 
son) *469 

Protem Intake producing remissions in macrocytic 
anemia (Goldhamer, Fritzell, and MacKin- 
non) *481 

Protemuna Following vascular constriction (Ches- 
ley, Markowitz, and Wetchler) 51 

Prothrombm And fibnnogen-free plasma, effective 
in hemophilia (Lozner, Kark, and Taylor) 

*490, 603 

Psychoneurosis Circulation and respiration in 
(Cohen and Finesinger) *494 

Purpura Thrombocytopenic, absence of platelet re- 
ducing substance m spleen (Pohle and Meyer) 

*478 


R 


Respiration Effect of barbiturates adimmstered dur- 
ing labor on (Sheldon) 157 

Hyperpnea, aad-base balance of jugular vein 
blood (Nims, Lennox, and Gibbs) *483 

In psychoneurosis (CoHEN and Finesinger) 

*494 

Lung ventilation without movement in alternating 
pressure chamber (Barach) *489 

Rheumatic fever Manifestations in families of rheu- 
matic patients (Gauld, Ciocco, and Read) 

213 

Prophylactic use of sulfanilamide in streptococcal 
respiratory infections, with espeaal reference to 
(Coburn and Moore) 147 

Streptococcal antibody development in, signifi- 
cance of prolonged (Coburn and Pauli) 141 
Rheumatoid arthntiE Vitamin C m (Rinehart) 


Sedimentation rate And plasma proteins (Ropes, 
Rossmeisl, and Bauer) 791 

Serum Pneumococcus type III infections, experi- 
mental, and sulfapyndine, sulfanilamide and 
specific antiserum (Cooper, Gross, and Lewis) 

423 

Sleep Skin temperature reactions during, in acro- 
cyanosis (Day and Klingman) 271 

Sodium chlonde In Addison’s disease, effect of 
water restnction on, in patient with (Willson 
and Sunderman) 35 


Spleen Absence of platelet reducing substancf 
in purpura (Pohle and Meyer) 

Absence of platelet reducing substance in thi 
bocytopenic purpura (Pohle and Meyer) 
Leukolysis causing agranulocytosis respondin 
splenectomy (Wiseman and Doan) ’ 

Splenomegaly Congestive, experimental produc 
of (Rousselot and Thompson) 
Staphylococcus Sulfanilamide, effect on (Spink' 

Steatorrhea Idiopathic, effect of liver extract 
vitamin D on calcium, phosphorus, nitrogen 
hpid balances (Bassett, Keutmann, Hyde, 
Van Alstine) 

— , influence of diet on lipid and mineral ball 
(Bassett, Keutmann, Hyde, Van Alst 
and Russ) 

Stomach Juice, in pernicious anemia, secretory 
pressant action of (Van Prohaska, Clai 
and Kandel) 

Secretion in alcoholic addiction (Seymour, Si 
and Payne) 

Ulcer and coronary atherosclerosis (Wa 
Bland, and White) ’ 

Streptococcus Antibody development in rheuir 
fever, significance of prolonged (Coburn 
Pauli) 

Respiratory infections, prophylactic use of sul 
ilamide in, with espeaal reference to rheum 
fever (Coburn and Moore) 

Succmic acid Antiketogenic activity of (MacI 
Sherrill, and Barnes) 

Sulfanilamide In clostndium welchii mfect 
(Kendrick) 

In nephrotoxic nephntis of rats (Smadel 
Swift) 

Methemoglobin and sulfhemoglobin follov 
(Harris and Michel) 

— and — formation dunng therapy (Harris 
Michel) * 

Oxidizing agent formation ■»« mtro by survn 
tissues (Harris) 

Pneumococcus type III infections, experin 
tal, and sulfapyndine and specific antisei 
(Cooper, Gross, and Lewis) 

pneumonia, and serum (Finland 

Brown) 

Prophylactic use of, in streptococcal respirat 
infections, with especial reference to rheum 
fever (Coburn and Moore) 

Sulfapyridme Absorption, distnbution and ex 
tion (Brown, Thornton, and Wilson) 
"Fastness” in pneumococcus type I, expenmei 
induction (MacLeod and Daddi) * 

Hemolysis from (Erf and MacLeod) * 

In clostndium welchii infections (Kendrick) 

Pneumococcus pneumonia, immunological ob 
vations following (Finland, Spring, and Li 
ell) * 




ERRATUM 


On page 484 of the July 1939 issue in the last 
sentence of the summary of an article on Crystal- 
line Insulin by Dr Alexander Marble and Dr 
liman Vartiamen the word amorphous should 
have read crystalline 



